woodJ.

Vertical Interior Post and Horizontal Rail Design

Date 1077721

CHECK PRINT

Dwg. Checked Against Calcs,
And Cale. Check Confirmed.

By MJF Date 10/7/21
Checked RFA Date 12/22/21
Backchecked Date

Corrected Dote

Verified

Rail OD:
Rail Thickness:

Design Point Live Load
Design Uniform Live Load
Post spacing:

Weight of chain link fence:

Design wind load from chain link fence:

H, =42 in Plans

Fy:= 50 ksi ASTM F1043

E,:=29000 ksi
F,:=58 ksi

pos

Pipe for Interior Posts
0D

) ost i= 2.875 in
.= 0.160 in

Dat
Properties for ASTM F1043 IC 1-5/8" Pipe for Rails

OD, ;= 1.66 in
frai=0.111 in

P;;:=200 Ibf ~ AASHTO 13.8.2
Wy i= 50 plf AASHTO 13.8.2
Ly,.:=6 ft Plans

fc!/:: 0.48 psf

f;vind i

15 psf AASHTO 13.8.2

Pipe Rail Pedestrian Fence Design Check - Interior Post

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

Load Factors (AASHTO Tbl. 3.4.1-1):

PL Load Factor:
DC Load Factor:
WS Load Factor:

Resistance Factors:

Steel Flexure (AASHTO 6.5.4.2):
Steel Shear (AASHTO 6.5.4.2):
Tension, Yielding in Gross Section:

Bending (AISC F1):
Shear (AISC G1):

Bearing (AISC DG#1):
Fillet Weld (AISC Tbl. J2.5): b
Bolts (AISC J3.6 & J3.7):

ypr =175
ypri=1.25
yws = 1.00

¢p:=1.00
¢,:=1.00
$,:=0.95
¢;,:=0.90

by _asci=0.90
Pprg = 0.60
:=10.73

G :=0.75

Adhesive Anchor Bolts (ACI 17.3.3,

Condition B, Category 1):

Steel weight density:

Paan = 0.65

Vsteel "= 490 Pcf

ASTM F1043 Group IC Electric Resistant Welded 50,000 psi yield steel pipe
Trade Decimal O.D. Pipe wall Section Min. Yield Max Bending Calculated Load (Ibs)
Reference Equivalent Thickness Weight Modulus x| Strength =| Moment 10" Free Cantilever
0.D. inches (mm) inches (mm) Ib./ft. (kg/m) inches® (mm?*) |x psi (Mpa) |= Lb.In Supported 4 6'
15/8" 1.660 42.16 0.111 2.82 1.84 2.74 0.1962 4.98 x| 50000 345 = 9810 327 204 136
17/8" 1.900 48.26 0.120 3.05 2.28 3.39 0.2810 7.14 x| 50000 345 = 14050 468 293 195
23/8" 2375 | 6033 | 0.130 3.30 312 4.64 04881 | 12.40 |d 50000 345 |5| 24405 814 508 339
27/8" 2875 | 73.03 | 0.160 4.06 4.64 6.91 0.8778 | 22.30 |d 50000 345 |5| 43890 1463 914 610
31/2" 3500 | 88.90 | 0.160 4.06 5.71 8.50 1.3408 | 34.06 | 50000 345 |=| 67042 2235 1397 931
I 4.000 | 101.60 | 0.160 4.06 6.57 9.78 1.7820 | 4526 | 50000 345 |5| 80008 2970 1856 1237
41/2" | 4500 | 11430 | 0.160 4.14 7.42 11.04 | 22850 | 57.99 50000 345 |5| 114295 3810 5486 1587
Output:
Post Section Properties:
Post inside diameter: ID 4= 0D E =0l L D, =2.555 in o
. i L 2 Axis of moments
Post Area: Appyy = 0.785398 + (0D, — IDyp” ) Aoy =1.365 in ot il
Post Unit Weight: Woost = Vsteet * Apost Wpose = 4.644 plf : = ?
Post centroid: o= 0300 | Cpoy = 1438 in T AN \
Post Moment of Inertial: Ly 7= 0.049087 + (0D, " — 1D, ") Loy =1.262 in* Py
I ! e S / ‘
- . post +1'3
Post Section Modulus: Spost = Spose = 0.878 in . o
cpoxt
- L OD,,..> —ID,..° d>d
Post Plastic Section Modulus: Zy A o Zppy=1.181 in’ A= &4—‘) 785398 (d*- df)
6
d
c= 2
Rail Section Properties: A
M=) _ 049087 (d*- df)
Rail inside diameter: D,i1:= OD, iy — 2 + by ID,,;=1.438 in 644 : : 1
f T n(d - dy) =
Rail Area: Ay 3= 0.785398 + (OD, > — D) Ay =0.54 in’ - =1~ 0ua175 o
Rail Unit Weight: Wogit = Vstoer* Arail W, = 1.838 plf R
; i 7 = v
Rail centroid: Craiti=0.5+0D, Crain=0.83 in 4
R e 4 4 g 3
Rail Moment of Inertial: Lyiy+=0.049087 « (OD, )" —ID, ") Lyy=0.163 in* oy gl
; Al
Rail Section Modulus: L 8,0 =0.196 in’
Crail
: : : oD, D,
Rail Plastic Section Modulus: Z, _ ODar” — D’ Z,uy=0.267 in®
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woodJ.

Post concentrated live load applied at top rail:
Post moment loading from live load:

Post shear from live load:

Rail moment from live load applied:

Rail moment from dead load:

Rail shear from live load:

Rail shear from dead load:

Factored Shear Load on Post:

Factored Moment Load on Post:

Pipe Rail Pedestrian Fence Design Check - Interior Post

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

Prosi 113 =Prp+wip + Ly = 0.5 kip P 1= 0.5 kip AASHTO Eqgn. 13.8.2-1
Myosi 11 5= Ppost 11 * Hposr = 21000 Ibf < in Mg 1 =21000 Ibf '« in Post treated as
1 = 1 cantilevered beam
VpastﬁLL = PpostiLL VpastﬁLL =15 klp
> Rail treated as
wipeL P L . simply supported
Mg 11+= \/— . >+ e M, iy 1 = 7418377 Ibf - in beam with vertical
8 4 and horizontal live
oot 3 loads combined into
Ll 2 fc4f° T Lspc resultant direction.
0 L 2 My pp = 144.615 Ibf+i
rail DL "= 8 == 3 rail_ DL — - f ln
wyp L Py .
Vyait 12 += \/— 2 ——2 P+ ——2 Vyair 1= 0.312 kip
H st
f[ . post | L
Wrail * Lspc il 2 2 T o
Viait b1 = 5 ck 5 Vyait pr. = 0.008 kip

Vpastﬁu =7rL* VpustALL

Mpast;u =7YpL" MpastiLL M, 0st_u = 36750 lbf° in

Vst u = 0.875 kip

AASHTO load factors
used instead of ASCE
load factors found in
AISC and ACI. This is
acceptable as it is more

P conservative.
L . Vertical dead load was
Factored Shear Load on Rail: Viait = VpL* Veait 10+ V1 * Veait DL Vit = 0.556 kip combined directly with
live load resultant since
. . itwas so small
Factored Moment Load on Rail: Mot o= pr* Megit 124 V01 * Myait pr Mgy o =13162.928 Ibfin  comriorod'to the live
load.
Post Analysis:
Following AASHTO 6.12.1.2.3¢ for Shear Design:
Gross Area: A=A, A,=1365 in’
Distance from Max to 0 Shear: L,=H,,, L,=42 in
L 1.6 - E; 0.78 + E, .
Critical Strength for Shear: F,,:=min|0.58 « F, , max , F,.=29 ksi AASHTO Eqns. 6.12.1.2.3c-2
Ll B & 6.12.1.2.3¢c-3
4 2
L v OD post OD post
oD post tpast tpast
Factored nominal shear resistance: V=02 0.5 F, A, @V, =19.788 kip AASHTO Eqn. 6.12.1.2.3c-1
. ¢Vn . ¢Vn
Post Shear Check: =22.615 Post_Shear Check := if >1.0
post_u post_u
“Post shear strength is satisfactory.”
else
| “Post is not satisfactory.”
Post Shear Check = “Post shear strength is satisfactory.”
Following AASHTO 6.12.2.2.3 for Flexure Design:
; OD,o  0.07-E Per AASHTO 6.12.2.2.3, as long
Check of Noncompact Section: Check_Compact:=if — 2 < D/t does not exceed 0.07E/Fy,
Lpost F, plastic modulus and equation

“Section is compact. Local buckling does not apply.”
else

“Section is not compact. Check wall slenderness.”

Check Compact =““Section is compact. Local buckling does not apply.”

Factored Nominal Moment Resistance:
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¢M,, = 59.038 kip « in

6.12.2.2.3-1 may be used.

AASHTO Eqgn. 6.12.2.2.3-1



By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021

¢Mn . ¢Mﬂ
=1.606 Post_Flex Check := it

post_u post_u

Post Flexural Check:

>1.0

“Post flexural strength is satisfactory.”
else

“Post is not satisfactory.”

Post Flex_Check = “Post flexural strength is satisfactory.”

Rail Analysis:
Following AASHTO 6.12.1.2.3c for Shear Design:
Gross Area: A=A,y A4,=054 in’
: 12

Distance from Max to 0 Shear: o, ::% L,=36in

i 1.6+ E, 0.78 < E
Critical Strength for Shear: F,,=min |0.58 « F, , max , F,.=29 ksi AASHTO Eqns. 6.12.1.2.3¢-2

I E| &6.12.1.2.3¢c-3
Lv ( ODmil - ODmi/ =
oD rail trail trail

Factored Nominal Shear Resistance: ¢V, =4, 05 F, -4, @V, =17.832 kip AASHTO Eqn. 6.12.1.2.3¢c-1

. . ¢Vn P . ¢Vn
Rail Shear Check: =14.08 Rail Shear Check := if >1.0

rail_u rail_u

“Rail shear strength is satisfactory.”
else

“Rail is not satisfactory.”

Rail Shear Check =*Rail shear strength is satisfactory.”

Following AASHTO 6.12.2.2.3 for Flexure Design:
OD,,; 0.07-E,
I el " N D N |

Check of Noncompact Section: Check_Compact := if <
i F,
i I , L Per AASHTO 6.12.2.2.3, as long
‘ Section is compact. Local buckling does not apply. D/t does not exceed 0.07E/Fy,
else plastic modulus and equation

— 1 6.12.2.2.3-1 may be used.
“Section is not compact. Check wall slenderness.”

Check Compact =““Section is compact. Local buckling does not apply.”

Factored Nominal Moment Resistance: M,y =y F\ o Z, ¢M,=13.339 kip-in  AASHTO Egn. 6.12.2.2.3-1
. M,
Rail _Flex Check := if >1.0
Post Flexural Check: oM, e rail u
oL 1 “Rail flexural strength is satisfactory.”

else

Rail Flex Check = “Rail flexural strength is satisfactory.”

“Rail is not satisfactory.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021

Confirming that Wind Loading Doesn't Control:

Per last paragraph of AASHTO 13.8.2, the wind load on the chain link fence is not applied simultaneously with the live load.

Uniform wind load on post: Wost wind :=Jwind * Lspe Woost wina = 90 plf
] ) w, i «H 2
Design moment from wind on post: I AMMAE= yws-w Mot wing w= 6615 Ibf«in
M, ,=36750 Ibf-in <- LL controls
Design shear from wind on post: Vosost wind_u “= VWS * Wpost wind * Hpost Vosostwing = 0:315 kip
Vipost u = 0.875 kip <- LL controls
H 3 i Hpast
Uniform wind on rail: Woait wind *=fovind * Wit wina = 26.25 plf

2
WraiLwind i Lspc

Design moment from wind on rail: M,sit wind u*= VWS-T Myt ving o= 1417.5 Ibf - in
M, =13162.928 Ibf-in<- LL controls
J I _ .
Design shear from wind on rail: Vit wind 1= Y5 * Wrail wind ® ——r Vo o= 0079 kip

Vit = 0.556 kip <- LL controls
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q q . . . By: MJF On: 9/17/2021
wood Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021
(]
. ] L | Wall Cap
Base Plate Design - Line Post w/ Axial Compression
Given: Plans POST
Cap width: Wogp = 15.63 in Plate Thickness, 1,
Distance from post to end of cap: I, k:=72in 4 » \ \ )gi
Plate thickness: t,:=0.5 in < § '
: § o3 Sp— _ E4
Plate length (perpendicular to fence): Ny =8 in = T | T £
Plate width (parallel to fence): Bijge =10 in § 3 5= — - - 5%
Compressive Strength of Concrete: Sfo=4 ksi § o —l @ = = §
Side clearance to anchor bolts: Xpoi= 1.5 in g pe
Base plate steel yield strength: Fy plate =36 ksi Y
Number of rails: T hi=2 Plate Width, B
| Distance to end of cap, Lo
I ol

Output:

Plate Area: Aptaie = Notato* Bpiate Ao =80 in’
Distance from bolt to near face of cap: chy ::% (W ap = Nytate) + Xpote c,;=5.315in
Distance from outside bolt to end of cap: Chas=IL) = Bpte + X Cpr=68.5 in
Distance from bolt to far face of cap: Co3 =W oy = Coy ¢,3=10.315 in

. > Conservatively setting
Bearing Area taken to Be Same as Plate Area: Apearing = Aplate Apearing =80 in bearing area to the same
as the plate.

: Ao
Max allowed bearing pressure: T max = Bprg » min (0.85 fer \/ i T fc) Soumax=2.04 ksi ACI Thl. 14.5.6.1
plate

Max allowed beari line: ; ( 5y tbf

ax allowed bearing pressure line: Frrctei= s Biate G = (2.448 - 10 '
Post dead load on plate Prost DL = Wyost * Hpogt P pr,=0.016 kip
Rail dead load on plat: Pt = Myair* 2 * Vit pr Py pr,=0.032 kip
Factored vertical load on plate: P, =1 * (Poost pr + Prait pr) P,=0.06 kip

- L P,
Minimum length of area of bearing: ;o Y,in =0.003 in AISC DG#1 Eqn. 3.3.3

qmax

L L N, Vot

Critical eccentricity distance: iy i= D min €in=13.999 in AISC DG#1 Egn. 3.3.7
2 2
L L M,
Eccentricity of loading: Clouding = ‘;S’—“ €loading=007.565 in  AISC DG#1 Eqn. 3.3.6
Small moment check: Small_Moment_Check :=if e},44ing < €0ris f e ,
“Moment is small, no need for anchor bolts.” ;if _\p;
else A]EI,L Pr A]Qm Pr
B C_es
“Moment is large, need anchor bolts.” [ 1 T [ l I 1 ] x T
Omax
Small_Moment Check = “Moment is large, need anchor bolts.” T & b qmaxY
" L

Distance from bolt to center of post: fhimbi= ‘;”’e — Xpoir Sim=2.5in N

Fig. 3.4.1. Base plate with large moment.
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021

2

f + Nplate) > 2 Pu ° <elaading +fdim>
dim =
2

Dmax

Plate dimension check Plate_Dim_Check := if Plate_Dim_Check = “Plate dimensions are OK.”

“Plate dimensions are OK.”

else

“Plate needs to be longer and/or wider.”

2

. N, N, 2P, (€pudine + Jii
Length of bearing area centered at the Y ookt (ﬁﬁm + ”"”e) =\ fim+ "’”’e) - u* (Coaang +Jam) Yioading = 0.285 in
ici i i T qmux
eccentricity of this loading: AISC DG#1 Eqn. 3.4.3
Required tensile resistance in anchor rods: T, = G * Yioading = Pu T,=5.744 kip AISC DG#1 Eqn. 3.4.2

Find minimum required thickness for plate based on bending at bearing interface:
Nytare— 0.8 OD

Find bearing bending line distance from Mpjaze Ll e o 8 M0 =2.85 in
edge of plate (AISC DG#1, 3.1.3): 2
Calculating minimum thickness based on bearing: A I I SRR T 2 B S 7 0 by brmg reqg = 0-441 in
fm max
1155 mplate.\/l_
F‘yAp/ate
AISC DG#1 Eqns. 3.3.14a-2 &
else 3.3.15a-2
Yl()adin
.};)uAmux 4 Yloading ° [mplate — D) S )
2.11-
FyJﬂate
Find minimum required thickness for plate based on bending at tension interface:
Find tension bending line distance from 0.8+0D, .
edge of plate (AISC DG#1, 3.1.3): Fren = Jaim = —————— Xien=1.35 in
- —h z + T,+x
Calculating minimum thickness based on tension: A= DT -ﬂ&— by ten reg=031in  AISC DG#1 Eqn. 3.4.7a
[ Bplate ° FyJ)/ute [~
Controlling minimum required base plate thickness: 4, ., :==max (4, pug req » 1y ten req) by roqg=0.441 in
Check chosen plate thickness: Plate_Thick Check:=if t,>1, ,,
“Chosen plate thickness is adequate.”
else
“Need a thicker plate.”

Plate_Thick Check = “Chosen plate thickness is adequate.”
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woodJ.

Pipe Rail Pedestrian Fence Design Check - Interior Post

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

Pipe to Plate Fillet Weld Connection Design

Given:
Minimum Fillet Weld Size:

Chosen fillet weld size

Weld material:

Output:

Welded Connection to Base Plate Design:
Gross Length of Weld is Post Perimeter:
Effective Length of Weld:

Effective Throat Thickness:
Area of Weld:

Moment of Inertia of circular fillet weld:

Polar moment of Inertia of circular fillet weld:

Determine design strength of weld:
Nominal strength of weld metal:

Normal stress caused by bending moment:

Stress caused by shearing force:

Resultant stress in weld from loading:

Wi 1= — in Min fillet weld size based on AISC Table J2-4
S 4

wWi=——1In
16

Fryy:=170 ksi

Ly:=1+0D,q L,=9.032 in
L,=L,=2-w L, =8.407 in
] L, ;
t,:=min (w - sin (45 deg), n ) t,=0.221in AISC, Sect. J2, Pts. 2a & 2b
Ayi=L,t, A,=1858in”  AISC, Sect. J2, Pts. 2a
3
I,:=m- [_ODP"S’) .1, 1,=2.062 in* 17. Very thin annulus
2 A=2nRt
0D, \’ Y.=R
J =2 el [ SRS J,=4.124 in* §
D I,=1 =R
r.=r,=0.707R
J=2mr3t
Fi=5,+ 0.6+ Fryy F,,=31.5 ksi AISC, Thl. J2.5
OD 0S|
Mpostﬁu * [ 7o )
At 0, =25.619 ksi L
IW ‘SV I
v,
7, = PO t,=0.471 ksi
AW
oy Op i ) .

O i= Bl Bl £, Oppax = 25.627 ksi

Check of weld thickness:

c:\users\michael.fraker\documents\pw_wsdot\dms26075\Pipe Rail Pedestrian Fence Design Check - Interior Post.mcdx

G = Ty + R

Weld Design_Check := if F,,>0,,,.

else

“Chosen weld size is sufficient.”

“Need bigger fillet weld.”

Weld Design_Check = “Chosen weld size is sufficient.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021

Anchor Bolt Connection Design

5.315" 5.315"

Given: \\r I
Number of anchor bolts resisting loads: ng =2  Only one side's bolts oo T e
L resist tension or shear. 2 3 r 1 e
Bolts are specified as ASTM F1554 and Grade A36 1k “ AT
AL =L

Bolt diameter: dy, ::% in Plans o e l
Bolt area: A,:=0.307 in AISC Tbl. 7-18 rornt it { ’
Bolt nominal yield stress strength: Fy o= 36 ksi AISCITBI 2 || "o Wt e //J_
Bolt nominal ultimate tensile stress strength: F, popi= 58 ksi —

. WALL CAP TYPICAL DETAIL
Bolt embedment: hypi=5 in Plans
Output:

= : Biae—24x
Tension anchor bolt spacing: sp= P"”e—lf"”’ s;=Tin
Nap —
Bolt nominal tensile stress strength: Foyi=0.75F, pop F,,=43.5 ksi AISC Tbl. J3.2
Bolt nominal shear stress strength: F,,:=040-F, , . F,,=23.2 ksi AISC Tbl. J3.2, assuming
L threads within shear plane
: | T,

Ultimate tension load on one anchor bolt: s T, .»=2.872 kip

= 2l ¥

A Vpost u .
Required shear stress on one bolt: VA | f,=1.425 ksi
Ny Ay
Bolt modified nominal tensile stress strength, _ al )
modified for effects of shear stress: Ey=min (Fyy 1.3« Fy— G E. -fy F,/'=43.5 ksi AISC Eqn. J3-3a
ab * L ny

Bolt factored tensile resistance: DR boir = Pa* Fr'* Ay $R,, poir = 10.016 kip AISC Egn. J3-2
Check of bolt tensile stress: Bolt_Tensile_Check :=if ¢R, 10> T, a Bolt_Tensile_Check = “Bolt is satisfactory.”

” “Bolt is satisfactory.”
else

“Bolt is no good.”

Continuing Anchor Bolt Connection Design per ACI 318
Outside diameter of anchor: d,:==dy, d,=0.625 in

Critical edge distance for adhesive anchors: Caci=2 hyy Ce=10in ACI 17.7.6

Steel strength of anchor in tension (ACI 17.4.1)

Steel tension strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in tension (ACI 17.4.2)
Check bolt group action for tension concrete breakout: Group_Tension_Breakout _Check = if 5;<3«h, ACI 17.2.1.1

” “Bolts act in group.”
else

Group Tension_Breakout Check = “Bolts act in group.”

“Bolts act singly.”

Theoretical projected influence area

of a single bolt far from an edge: Arey =9+ by’ Ape, =225 in’ ACI Eqn. 17.4.2.1¢

Actual projected influence area for bolt(s): Ay, :=min ((c,j+ 1.5+ hy) + (1.5« hypt-min (s;, 3+ hyg) +min (1.5« hop, €02)) s g+ Ano) Ay =281.93 in’
' ACI Fig. R17.4.2.1

Concrete tension breakout strength coefficient: k=17 Value of 17 for post-installed anchors, per ACI 17.4.2.2
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021

] ) I h 15
Basic concrete tension breakout strength for single anchor: Ny:=k,- 1.0-\/f—c_ . (—ef) - Ibf N,=12.021 kip  ACI Eqn. 17.4.2.2a
pst mn
Factor for eccentrically loaded anchor bolts: Z,. yi=1.0 Anchor bolts are not loaded eccentrically. ACI 17.4.2.4
C
Factor for anchor bolts near an edge: Y, yi=min (1.0 ,074+03.— ¥, v=0913 ACI Eqn. 17.4.2.5b
i 1.5-h, i
Factor for anchor bolts in un-cracked concrete: Y, =14 Wall caps are not under load, and per the wall cap design, ACI 17.4.2.6

service moment from post does not cause cracking.

Factor for anchor bolts in un-cracked

i Ze! 1.5h
qongreteneal an _edge D ¥, yi=min|1.0, max o 8 ¥, y=0.75 ACI Eqn. 17.4.2.7b
supplementary reinforcement: § d o] T
Nominal concrete tension breakout strength: Nty ™= Paa * et oo v Poa v oy Yop e Ny ¢N.py=9.382 kip  ACIEqn. 17.4.2.1b
Nco
Check of concrete tension breakout failure: Concrete_Tension_Breakout_Check = if $N,po>ny,+T, 4

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Tension_Breakout Check = “Bolt is satisfactory.”

Pullout strength cast-in, post-installed expansion, or undercut anchor in tension (ACI 17.4.3)

Proposed anchors are post-installed adhesive, not headed studs or bolts, expansion anchors, or undercut anchors; so, no check is required.

Concrete side-face blowout strength of headed anchor in tension (ACI 17.4.4)

Proposed anchors are post-installed adhesive, not headed studs or bolts; so, no check is required.

Bond strength of adhesive anchor in tension (ACI 17.4.5)
Minimum bond stress for HY 200 Epoxy per HILTI ESR-3187:

0.1
Tunermy 200°=0.65+ (L) 2220 psi = 1512.441 psi

2500 psi

Per HILTI ESR-3187 Table 14, basic un-cracked bond strength is 2,220 psi; this value is factored by a straight 0.65 for either wet or dry installation
conditions and by a small boost from concrete strength higher than 2,500 psi

Minimum bond stress for HIT-RE 500 Epoxy per HILTI ESR-3814:

0.15
Tyner it RE 500°=0.65* (f—) <2210 psi = 1541.429 psi

2500 psi

Per HILTI ESR-3814 Table 12, basic un-cracked bond strength is 2,210 psi. This value is based on diamond coring and roughening afterwards; it is lower
than being hammer-drilled with carbide bit. The socket must be roughened if coring with a diamond bit; this should be written on the plans. Factors are a
straight 0.65 reduction factor independent of wet or dry concrete conditions during installation and a small boost for using concrete higher than 2,500 psi.
The smaller factor for cracked concrete is used since no supplementary rebar is being provided; this also matches with reduction factor below.

Minimum bond stress strength: Tyner 3= M (Tuer 11y 200 Tuner HIT RE 500) Tuner = 1512.441 psi

Distance to edge of project influence area: Cnai=10+d, - e Cng=1329 in ACI Eqn. 17.4.5.1d
1100 psi

Check if anchor bolts act in group for bond failure: Group_Bond_Failure_Check :=if s, <2 cy, ACI 17.2.1.1

“Bolts act in group.”
else

Group Bond Failure Check = “Bolts act in group.”

“Bolts act singly.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021

Theoretical projected influence area 2 1C]
of a single bolt far from an edge: Ao = (2 Cn) Ango =214.835 in ACI Eqn. 17.4.5.1c

Actual projected influence area for bolt(s): Ay = min ((cyg +min (s;, 2+ cyg) +min (Cyg» €42)) * (Car + Cna) » Mty * Ava) Ay, =273.826 in®
ACI Fig. R17.4.5.1

Basic bond strength of adhesive anchor: Ny = Typep o T e dy e by N, = 14.848 kip ACI Eqn. 17.4.5.2

Concrete is not light weight; so, lambda-a is set to 1.0; per ACI 17.4.5.2, un-cracked bond stress may be used.

Factor for eccentrically loaded anchor bolts: ¥ o i=1.0 Anchor bolts are not loaded eccentrically. ACI 17.4.5.3
¢,
Factor for anchor bolts near an edge: Yy Ng = min [1‘0 ,0.74+03. 4 ) ¥, ve=0.918 ACI Eqn. 17.4.5.4b
e o e

Factor for anchor bolts in un-cracked

i €, €
qopgrete neal anemge vithout ¥, yoi=min| 1.0, max |1, ¥, vo=0.733 ACI Eqn. 17.4.5.5b
supplementary reinforcement: T et g n

ac

ac

Wall caps are not under load, and per the wall cap design,
service moment from post does not cause cracking.

ot na* Pop Na*Npa N, =8.272kip  ACIEqn. 17.4.5.1b

Nominal bond strength of the adhesive anchor(s):  ¢N,, =g+ .

ec_ Na*
Nao

Check of bolt bond stress failure: Bond_Stress_Check = if ¢N,o>ng,+ T, 4 Bond_Stress_Check = “Bolt is satisfactory.”
| “Bolt is satisfactory.”
else

“Bolt is no good.”

Steel strength of anchor in shear (17.5.1)

Steel shear strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in shear (17.5.2)
Check bolt group action for shear concrete breakout: Group_Shear_Breakout_Check :=if s, <3-¢,, ACI 17.2.1.1

“Bolts act in group.”

else

“Bolts act singly.”

Group Shear Breakout Check = “Bolts act in group.”

Theoretical projected influence area

of a single bolt far from an edge: Ayeyi=45-cy” Aye,=127.122 in’ AClEqn. 17.5.2.1c

Actual projected influence area for bolt(s): 4y, :=min (1.5 ¢, (1.5« oy +min (s;,3+ cyp) +min (15 Cop 5 0)) > Mg * Apey) Ay =182.929 in’
ACI Fig. R17.5.2.1b

Load bearing length: Li=hy I,=5in ACI 17.5.2.2

Basic concrete breakout strength in shear for single anchor:

1 \02 7 ohis P R
V), :=min [[7 [i) \/—a) «1.0. S . [ i ) ,9:.1.0 S . ‘al «Ibf  V,=6.5 kip Concrete is not light weight; ACI Eqgns. 17.5.2.2a

I8 in psi in psi in so, lambda-a is set to 1.0. & 17.5.2.2b
Factor for eccentrically loaded anchor bolts: Z, y=10 Anchor bolts are not loaded eccentrically. ACI 17.5.2.5
Factor for anchor bolts near an edge: ¥,y yi=min [1.0 ,0.7+0.3 L) V=1 ACI Eqns. 17.5.2.6a
T 1.5-c, T & 17.5.2.6b
Factor for anchor bolts in un-cracked concrete: ?. =14 Wall caps are not under load, and per the wall cap design, ACI 17.5.2.7

service moment from post does not cause cracking.
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021

1.5.¢
Factor for small embedment ¥, yi=min [1.0 ,ﬂh—‘”] ?, =1 ACI Eqn. 17.5.2.8
ef

: A
Nominal concrete shear breakout strength: DV ehg = Baan* £, e v Yea v Ve e Uy Vs ¢V =8.512 kip  ACI Eqn. 17.5.2.1b
Veo

Check of concrete shear breakout failure: Concrete_Shear_Breakout_Check:=if ¢V > V,ps

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Breakout Check = “Bolt is satisfactory.”

Concrete pryout strength of anchor in shear (17.5.3)

Basic concrete pryout strength of a single anchor in shear:  ¢N,,, := min (§N,, , $N.) $N,pe = 8.272 kip ACI 17.5.3.1
Concrete pryout strength in shear coefficient: kepi=if hy<2.5in kep =2 ACI 17.5.3.1
It
else
H 2.0
Nominal concrete pryout strength of anchor(s) in shear: BV pg = kep * BN e PV e = 16.545 kip ACI Eqn. 17.5.3.1b
Check of concrete pryout strength in shear: Concrete_Shear_Pryout _Check:=if ¢V 0>V,

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Pryout Check = “Bolt is satisfactory.”
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woodJ.

Vertical Interior Post and Horizontal Rail Design

Pipe Rail Pedestrian Fence Design Check - Cap Step Post

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

Given: Load Factors (AASHTO Tbl. 3.4.1-1):
Post Height: H,y =66 in Plans PL Load Factor: i =l1T4
Step Height: Hy,, =24 in DC Load Factor: e P X
Post and Rail Yield Strength: F,:=50 ksi ASTM F1043 WS Load Factor: Pwsi=1.00
Post and Rail Modulus of Elasticity: E,:=29000 ksi
Post and Rail Ultimate Strength: F,:=58 ksi Resistance Factors:
] i . Steel Flexure (AASHTO 6.5.4.2): ¢r:=1.00
Properties for ASTM F1043 IC 2-7/8" Pipe for Interior Posts
Steel Shear (AASHTO 6.5.4.2): $,:=1.00
Post OD: 0D, :=2.875 in i N |
| Tension, Yielding in Gross Section: $,:=0.95
Post Thickness: Lyost = 0.160 in .
Bending (AISC F1): #,:=0.90
Properties for ASTM F1043 IC 1-5/8" Pipe for Rails Shear (AISC G1): by uisci=0.90
Rail OD: OD,;;=1.660 in Bearing (AISC DG#1): B = 0.60
Rail Thickness: £ = 0l lin Fillet Weld (AISC Tbl. J2.5): b5 =0.75
| A1 Bolts (AISC J3.6 & J3.7): $ap =075
Design Point Live Load Py, =200 Ibf AASHTO 13.8.2 :
| : : Adhesive Anchor Bolts (ACI 17.3.3,
Design Uniform Live Load wy == 50 plf AASHTO 13.8.2 Condition B, Category 1): Baan = 0.65
Post spacing: Ly, =4 ft Plans
Weight of chain link fence: fori=0.48 psf . )
9 ) | id Steel weight density: Vsteer = 490 pef
Design wind load from chain link fence: Sovina =15 psf AASHTO 13.8.2
ASTM F1043 Group IC Electric Resistant Welded 50,000 psi yield steel pipe
Trade Decimal O.D. Pipe wall Section Min. Yield Max Bending Calculated Load (Ibs)
Reference Equivalent Thickness Weight Modulus x| Strength =| Moment 10" Free Cantilever
0.D. inches (mm) inches (mm) Ib./ft. (kg/m) inches® (mm?*) |x psi (Mpa) |= Lb.In Supported 4 6'
15/8" 1.660 42.16 0.111 2.82 1.84 2.74 0.1962 4.98 x| 50000 345 = 9810 327 204 136
17/8" 1.900 48.26 0.120 3.05 2.28 3.39 0.2810 7.14 x| 50000 345 = 14050 468 293 195
238" | 2375 | 60.33 | 0.130 3.30 312 464 | 04881 | 1240 |d 50000 345 |=| 24405 814 508 339
27/8" | 2875 | 73.03 | 0.160 4.06 4.64 6.91 08778 | 22.30 |q 50000 345 |=| 43890 1463 914 610
31/2" | 3500 | 88.90 | 0.160 4.06 5.71 850 | 1.3408 | 34.06 |] 50000 345 |=| 67042 2235 1397 931
4 4,000 | 101.60 | 0.160 4.06 6.57 978 | 1.7820 | 4526 |d 50000 345 || eooos 2970 1856 1237
41/2" | 4500 | 114.30 | 0.160 4.14 7.42 11.04 | 22850 | 5799 [ 50000 345 |=| 114205 3810 5486 1587
Output:
Post Section Properties:
Post inside diameter: D sti= O —2 o b0 D, =2.555 in o
. . T P s of t
Post Area: Appyy = 0.785398 + (0D, — IDyp” ) Aoy =1.365 in A;fozggggigrs
Post Unit Weight: Wost = Vsteet * Apost Wyost = 4.644 plf ] _/ \\ T
Post centroid: Cposti=0.5- 0D, Cposr=1.438 in o G
Post Moment of Inertial: Ly 7= 0.049087 + (0D, " — 1D, ") Loy =1.262 in* d o ‘*“‘ v e 'j
L I e /
Post Section Modulus: it 1 Spoq=0.878 in’ LR S
Cpmt
- L OD,,..> —ID,..°
Post Plastic Section Modulus: Z i L2 7 2o Zype=1.181 in’ A= M# 785398 (d*- df)
d
e=>
Rail Section Properties:
_ M=) 4087 (@ of)
Rail inside diameter: D,i1:= OD, iy — 2 + by ID,,;=1.438 in 84
4 4 4 8
Rail Area: Ay =0.785398 + (OD,* —ID, ") A,y =0.54 in’ 8= "(d3; dd‘ )~ 098175 = :
Rail Unit Weight: Wogit = Vstoer* Arail W, = 1.838 plf By v
Rail centroid: Crait=0.5+ 0D, Cra=0.83 in T
Rail Moment of Inertial: Lyiy+=0.049087 « (OD, )" —ID, ") Lyy=0.163 in* oy gl
SRR
. - e
Rail Section Modulus: L 8,0 =0.196 in’
Crail
. L . oD D,
Rail Plastic Section Modulus: z _ ODar” — D’ Z,uy=0.267 in®
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woodJ.

Post concentrated live load applied at high top rail:

Post concentrated live load applied at low top rail:
Post moment loading from live load:
Post shear from live load:

Rail moment from live load applied:

Rail moment from dead load:

Rail shear from live load:

Rail shear from dead load:

Factored Shear Load on Post:

Factored Moment Load on Post:

Factored Shear Load on Rail:
Factored Moment Load on Rail:
Post Analysis:

Following AASHTO 6.12.1.2.3¢ for Shear Design:
Gross Area:

Distance from Max to 0 Shear:

E

cr

Critical Strength for Shear:

Factored nominal shear resistance:

Post Shear Check:

Following AASHTO 6.12.2.2.3 for Flexure Design:

Check of Noncompact Section:

Check_Compact := if

Lspc 3
PpastﬁLLAH =P +wppe =0.3 kip
/1)
Prost 11 1°=Wir* 2 =0.1 kip

VpastﬁLL =P, post LL_H =B post_LL_L

MpastALL =P, post LL_H*° H, post =P post LL L *° <H ‘post Hstep)

2
Wrr* Lspc B 1iti Lspc
ail L= V2. =

i 8 4
H, ost
Al 2 fclf O Lspcz
M i L= Wil spc I 2
rai =
- 8 8
Wi+ L Py
Vyait 11 = \/— 2 LZ—SLC = 5T
H 0S|
S | 1Post | Tt
Wrail Lspc
VrailfDL 2= > == >

Vpastﬁu =7rL* VpustALL

Mpast;u =YpL" MpastiLL

Vyait =7 * Veait 1z + oL * Viait DL

= min O.SS-F),,max s

Mgt w=YpL * Mygit 11+ Vo1 * Myit pr
Ag = Apost
Lv = Hpost
1.6-E, 0.78 - E,
&l B
4 2
L v OD post OD post
oD post tpast tpast

¢V}'l $= ¢V. 0'5 FCF.Ag

PV

post_u

=28.269

Post _Shear Check := if

Pipe Rail Pedestrian Fence Design Check - Cap Step Post

1t post LL_H = 0.3 klp

1t post LL L= 0.1 klp

My, 11 = 24000 Ibf« in

VpastﬁLL =04 klp

Mgy 11, =4097.056 Ibf - in

M,y p=T75.793 Ibf - in

Vyait 11 = 0241 kip

Vit i = 0.006 kip

Vst u=0.7 kip
My, =42000 Ibf - in

Vrailiu =0.43 k’p

M,y = T264.59 Ibf - in

oY
A, =1.365 in
L,=66in

F, =29 ksi

¢V, =19.788 kip

¢V,

post_u

>1.0

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

AASHTO Eqgn. 13.8.2-1,
modified for split top rails

Post treated as
cantilevered beam

Rail treated as
simply supported
beam with vertical
and horizontal live
loads combined into
resultant direction.

AASHTO load factors
used instead of ASCE
load factors found in
AISC and ACI. This is
acceptable as it is more
conservative.

Vertical dead load was
combined directly with
live load resultant since
it was so small
compared to the live
load.

AASHTO Eqgns. 6.12.1.2.3¢c-2
&6.12.

1.2.3¢-3

AASHTO Eqgn. 6.12.1.2.3c-1

“Post shear strength is satisfactory.”

else

“Post is not satisfactory.”

Post Shear Check = “Post shear strength is satisfactory.”

oD,

post

0.07+E,
L IPP A T 1 9

tp()st F‘y

“Section is compact. Local buckling does not apply.”

else

Per AASHTO 6.12.2.2.3, as long
D/t does not exceed 0.07E/Fy,
plastic modulus and equation

“Section is not compact. Check wall slenderness.”

Check Compact =““Section is compact. Local buckling does not apply.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

Factored Nominal Moment Resistance: M,y =y Fy o Z,0, ¢M, =59.038 kip-in AASHTO Egn. 6.12.2.2.3-1
M, M,
Post Flexural Check: oM, =1.406 Post_Flex Check := if oM, >1.0
post_u post_u
“Post flexural strength is satisfactory.”
else

“Post is not satisfactory.”

Post Flex_Check = “Post flexural strength is satisfactory.”

Rail Analysis:
Following AASHTO 6.12.1.2.3c for Shear Design:
Gross Area: A=A,y A4,=054 in’
: 12

Distance from Max to O Shear: N ::% L,=24in

i 1.6+ E, 0.78 « E
Critical Strength for Shear: F,,=min [0.58 « F, , max , F,.=29 ksi AASHTO Eqns. 6.12.1.2.3¢-2

I E| &6.12.1.2.3¢c-3
Lv ( ODmil & ODmi/ =
oD rail trail trail

Factored Nominal Shear Resistance: ¢V, =4,°05 F, -4, @V, =17.832 kip AASHTO Eqn. 6.12.1.2.3¢c-1

H . ¢Vn p| . ¢Vn
Rail Shear Check: =18.199 Rail_Shear_Check := if >1.0

rail_u rail_u

“Rail shear strength is satisfactory.”
else

“Rail is not satisfactory.”

Rail Shear Check =*Rail shear strength is satisfactory.”

Following AASHTO 6.12.2.2.3 for Flexure Design:
OD,,; 0.07-E,
LT el LT

Check of Noncompact Section: Check_Compact := if <
i F,
I I , L Per AASHTO 6.12.2.2.3, as long
‘ Section is compact. Local buckling does not apply. D/t does not exceed 0.07E/Fy,
else plastic modulus and equation

6.12.2.2.3-1 may be used.

Check Compact =“Section is compact. Local buckling does not apply.”

“Section is not compact. Check wall slenderness.”

Factored Nominal Moment Resistance: M,y =y F\o Z, ¢M,=13.339 kip-in  AASHTO Egn. 6.12.2.2.3-1
. M,
Rail _Flex Check := if >1.0
Post Flexural Check: oM, Tk il
1l 1 “Rail flexural strength is satisfactory.”

else

Rail Flex Check = “Rail flexural strength is satisfactory.”

“Rail is not satisfactory.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

Confirming that Wind Loading Doesn't Control:

Per last paragraph of AASHTO 13.8.2, the wind load on the chain link fence is not applied simultaneously with the live load.

Uniform wind load on post: Wost wind “=Jwind * Lspe Woost wina = 00 plf
] ) w, wind * H 2
Design moment from wind on post: Myt sind = yWS'W Mot wind «= 10890 Ibf « in
Mg, ,=42000 Ibf-in <- LL controls
DeSign Shear from Wlnd on pOSt: Vpastﬁwindiu =Vws* ‘post_wind * Hpost Vpastﬁwindiu =0.33 klp
Voostu= 0.7 kip <- LL controls
H 3 i Hpast
Uniform wind on rail: Wit wind =Srvind * Wit wina=41.25 plf

3 . . T B
Design moment from wind on rail: )78 P 0 . . 2 Mygit ving o =990 Ibf~ in

8
M,y ,=7264.59 Ibf+-in <~ LL controls
J . L I
Design shear from wind on rail: Vrait wind-u 3= Y15 * Wrail wind ® —— Vit wind = 0.083 kip
Vit = 0.43 kip <- LL controls
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Bearing Area taken to Be Same as Plate Area: Apesring = Apare

q q . . By: MJF On: 9/17/2021
wood Pipe Rail Pedestrian Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021
(]
; | l | Wall Cap
Base Plate Design - Line Post w/ Axial Compression
Given: Plans FOST
Cap width: Wegp = 15.63 in AT T
Distance from post to end of cap: Lopgi=8 in 4 + \ \ ’?i
W o
Plate thickness: t,:=.5in ° 38 !
- N =3 - €D - z
Plate length (perpendicular to fence): Ny =8 in = T i T £
Plate width (parallel to fence): Bijye =10 in § 3§ H—-— T - §
: 1 T . i}
Compressive Strength of Concrete: fo=4 ksi § . —l @ . . L
Side clearance to anchor bolts: Xpoppi=1.5in f e
Base plate steel yield strength: Fy plate =36 ksi v
Number of rails: Ty i=4 Plate Width, B
Distance to end of cap, Lo |
I g
Output:
Plate Area: Aptate = Notate * Bpiate Ao =80 in’
Distance from bolt to near face of cap: Chi ::% (Weap = Nytate) + Xpote Cu=5315in
B
Distance from outside bolt to end of cap: Cori=Lopg— —2% 4+ X, Cpp=4.5in
Distance from bolt to far face of cap: o= [ cly ¢,3=10.315 in

Conservatively setting
bearing area to the same
as the plate.

L 12
Abearing =80 in

. oy
Max allowed bearing pressure: ot max 3= Bprg » min (0‘85 fe \/ i W -‘fc) Fou max = 2.04 ksi ACI Tbl. 14.5.6.1
plate
B ! | s\ Ibf
ax allowed bearing pressure line: ool e Bliche Q= (2448 .10°) 2L
T t
Post dead load on plate Prost DL = Wyost * Hpost Post pr = 0.026 kip

Rail dead load on plat:

PrailfDL =Ny * 2. VrailgDL

PrailfDL =0.051 klp

Factored vertical load on plate: P, =1 * (Poost pr + Prait 1) P,=0.095 kip

A : P, .
Minimum length of area of bearing: Vi e Y,in = 0.005 in AISC DG#1 Eqn. 3.3.3

qmax

o ) : Nplate Ymin g

Critical eccentricity distance: el i e,y =3.998 in AISC DG#1 Eqn. 3.3.7
2 2

E s fl d o Mpostﬁu .

ccentricity of loading: Cloading = b Cloading = 441.7 in AISC DG#1 Egn. 3.3.6

u

Small moment check: Small_Moment_Check :=if €},44ing < €0ris f e ,
“Moment is small, no need for anchor bolts.” ;if _\p;
else A]EI,L Pr A]J;lm Pr
. B
“Moment is large, need anchor bolts.” l
LELQTEL AT Yo
Small_Moment Check = “Moment is large, need anchor bolts.” T & b qmaxY
NY Y
| fi33 z
- N, #
Distance from bolt to center of post: Fimi= 2 L o Sim=2.5in N
2
Fig. 3.4.1. Base plate with large moment.
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

2

f + Nplate) > 2 Pu ° <elaading +fdim>
dim =
2

Dmax

Plate dimension check Plate_Dim_Check := if Plate_Dim_Check = “Plate dimensions are OK.”

“Plate dimensions are OK.”

else

“Plate needs to be longer and/or wider.”

2

. N, N, 2P, (€pudine + Jii
Length of bearing area centered at the Y ookt (ﬁﬁm + ”"”e) =\ fim+ "’”’e) - u* (Coaang +Jam) Yioading = 0.327 in
ici i i T qmux
eccentricity of this loading: AISC DG#1 Eqn. 3.4.3
Required tensile resistance in anchor rods: T, = G * Yioading = Pu T,=6.571 kip AISC DG#1 Eqn. 3.4.2

Find minimum required thickness for plate based on bending at bearing interface:
Nytare— 0.8 OD

Find bearing bending line distance from Mpjaze Ll e o 8 M0 =2.85 in
edge of plate (AISC DG#1, 3.1.3): 2
Calculating minimum thickness based on bearing: A I I SRR T 2 B S 7 0 by brmg reqg = 0-471 in
fm max
1155 mplate.\/l_
F‘yAp/ate
AISC DG#1 Eqns. 3.3.14a-2 &
else 3.3.15a-2
Yl()adin
.};)uAmux 4 Yloading ° [mplate — D) S )
2.11-
FyJﬂate
Find minimum required thickness for plate based on bending at tension interface:
Find tension bending line distance from 0.8+0D, .
edge of plate (AISC DG#1, 3.1.3): Xien =:fdim——2 Xen=1.35in
- —h z + T,+x
Calculating minimum thickness based on tension: A= DT -ﬂ&— Ly ten reg=0331in  AISC DG#1 Eqn. 3.4.7a
[ Bplate ° FyJ)/ute [~
Controlling minimum required base plate thickness: 4, ., :==max (4, pug req » 1y ten req) by roqg=0.4T1 in
Check chosen plate thickness: Plate_Thick Check:=if t,>1, ,,
“Chosen plate thickness is adequate.”
else
“Need a thicker plate.”

Plate_Thick Check = “Chosen plate thickness is adequate.”
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Pipe Rail Pedestrian Fence Design Check - Cap Step Post

woodJ.

Pipe to Plate Fillet Weld Connection Design
Given:

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

AISC, Sect. J2, Pts. 2a & 2b

AISC, Sect. J2, Pts. 2a

17. Very thin annulus
A=2nRt

AISC, Thl. J2.5

M _M-c

Minimum Fillet Weld Size: Wi i= — N Min fillet weld size based on AISC Table J2-4
Chosen fillet weld size wi= % in
Weld material: Fpyy:=10 ksi
Output:
Welded Connection to Base Plate Design:
Gross Length of Weld is Post Perimeter: Lyi=m+-O0D,,, L,=9.032 in
Effective Length of Weld: Ly=L,—=2w L,,=8.407 in
: : Ly
Effective Throat Thickness: t,:= min (w- sin (45 deg) , - ) t,=0.221 in
Area of Weld: Ayi=L,t, A, =1858 in’
. - - ODpost = . 4
Moment of Inertia of circular fillet weld: I,:=m- ST t, 1,=2.062 in
. . . ODpast = . 4
Polar moment of Inertia of circular fillet weld: Jyi=2me oI t, J,=4.124 in
Determine design strength of weld:
Nominal strength of weld metal: F,i=¢p, 0.6« Fryy F,,=31.5 ksi
OD 0S|
Mpostﬁu * [ 7o )
Normal stress caused by bending moment: O 0, =29.278 ksi
IW
A Vpost u .
Stress caused by shearing force: i £ 7,=0.377 ksi
AW
1 . Op Op 2 2
Resultant stress in weld from loading: T ::7 i +71, Oprax = 29.283 ksi

G = Ty + R

Check of weld thickness:

Weld Design_Check := if F,,>0,,,.

else

“Need bigger fillet weld.”

Weld Design_Check = “Chosen weld size is sufficient.”

Page 7 of 11
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woodJ.

Anchor Bolt Connection Design

Given:
Number of anchor bolts resisting loads:
Bolts are specified as ASTM F1554 and Grade A36

Bolt diameter:

Bolt area:

Bolt nominal yield stress strength:

Bolt nominal ultimate tensile stress strength:
Bolt embedment:

Output:

Tension anchor bolt spacing:

Bolt nominal tensile stress strength:
Bolt nominal shear stress strength:

Ultimate tension load on one anchor bolt:

Required shear stress on one bolt:

Bolt modified nominal tensile stress strength,
modified for effects of shear stress:

Bolt factored tensile resistance:

Check of bolt tensile stress:

Pipe Rail Pedestrian Fence Design Check - Cap Step Post

Bolt_Tensile_Check := if ¢R,, 1oy > T, ap

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

ng,:=2  Only one side's bolts
resist tension or shear.
dyi=—in Plans
A,,:=0.307 in’ AISC Thl. 7-18
F, poii=36 ksi AISC Thl. 2-3
E, o =158 ksi
= WALL CAP TYPICAL DETAIL
hepi=5 in Plans
By —2 X,

5= 'plate bolt 5= Tin

Ry —I1
Fpi=0.5F, poi F,,=43.5 ksi AISC Thl. J3.2
F,:=040-F, ;. F,,=23.2 ksi AISC Thl. J3.2, assuming

L threads within shear plane

il
Tuﬁab = Tuﬁab =3.285 klp

Nap

v,
AP e fo=1.14 ksi
Ny Ay

F,
F,/:=min (F,,, 5 0 1 7 e S R S F,/=435ksi  AISCEgn. J3-3a

¢ab .an

¢Rn7bolt = ¢ab . Fnt/ T Ab ¢Rn7bolt =10.016 klp AISC Egn. J3-2

Bolt Tensile Check =“Bolt is satisfactory.”
” “Bolt is satisfactory.”
else

“Bolt is no good.”

Continuing Anchor Bolt Connection Design per ACI 318

Outside diameter of anchor:

Critical edge distance for adhesive anchors:

Steel strength of anchor in tension (ACI 17.4.1)

d,=d, d,=0.625 in

Coci=2 By Cae=10 in ACI17.7.6

Steel tension strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in tension (ACI 17.4.2)

Check bolt group action for tension concrete breakout:

Theoretical projected influence area
of a single bolt far from an edge:

Group_Tension_Breakout_Check:=if 5, <3+ h,, ACI17.2.1.1

” “Bolts act in group.”
else

Group Tension_Breakout Check = “Bolts act in group.”

“Bolts act singly.”

Ayep =9 hyf Ao =225 in’ ACI Eqn. 17.4.2.1¢

Actual projected influence area for bolt(s): Ay, :=min ((coy+ 1.5+ hyy) » (1.5« hypt-min (57,3 + hog) +min (1.5 + hory €02)) g * Anieg) A =243.485 in’

Concrete tension breakout strength coefficient:

c:\users\michael.fraker\documents\pw_wsdot\dms26075\Pipe Rail Pedestrian Fence Design Check - Cap Step Post.mcdx

ACI Fig. R17.4.2.1

k=17 Value of 17 for post-installed anchors, per ACI 17.4.2.2
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

] ) I h 15
Basic concrete tension breakout strength for single anchor: Ny:=k,- LO-\/J”—C_ ( _ef) - Ibf N,=12.021 kip  ACI Eqn. 17.4.2.2a
psi in
Factor for eccentrically loaded anchor bolts: ¥, n=10 Anchor bolts are not loaded eccentrically. ACI 17.4.2.4
C
Factor for anchor bolts near an edge: Y, yi=min (1.0 ,074+03.— ¥, v=0913 ACI Eqn. 17.4.2.5b
i 1.5-h, i
Factor for anchor bolts in un-cracked concrete: Y, yi=14 Wall caps are not under load, and per the wall cap design, ACI 17.4.2.6

service moment from post does not cause cracking.

Factor for anchor bolts in un-cracked

i Ze! 1.5h
qongreteneal an .edge without ¥, yi=min|1.0, max i ,—ei ¥, n=0.75 ACI Eqn. 17.4.2.7b
supplementary reinforcement: (2 Cov Cor (2
Nominal concrete tension breakout strength: Netg ™= Paa * et oo v Poa v oy Yoo e Ny ¢N.py=8.102 kip  ACI Eqn. 17.4.2.1b
Nco
Check of concrete tension breakout failure: Concrete_Tension_Breakout_Check := if ¢Npy>nyp,+ T, 4

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Tension_Breakout Check = “Bolt is satisfactory.”

Pullout strength cast-in, post-installed expansion, or undercut anchor in tension (ACI 17.4.3)

Proposed anchors are post-installed adhesive, not headed studs or bolts, expansion anchors, or undercut anchors; so, no check is required.

Concrete side-face blowout strength of headed anchor in tension (ACI 17.4.4)

Proposed anchors are post-installed adhesive, not headed studs or bolts; so, no check is required.

Bond strength of adhesive anchor in tension (ACI 17.4.5)
Minimum bond stress for HY 200 Epoxy per HILTI ESR-3187:

0.1
Tuner_Hy 200°=0.65 + (L) 2220 psi = 1512.441 psi

2500 psi

Per HILTI ESR-3187 Table 14, basic un-cracked bond strength is 2,220 psi; this value is factored by a straight 0.65 for either wet or dry installation
conditions and by a small boost from concrete strength higher than 2,500 psi

Minimum bond stress for HIT-RE 500 Epoxy per HILTI ESR-3814:

0.15
Tyner it RE 500°=0.65* (f—) +2210 psi = 1541.429 psi

2500 psi

Per HILTI ESR-3814 Table 12, basic un-cracked bond strength is 2,210 psi. This value is based on diamond coring and roughening afterwards; it is lower
than being hammer-drilled with carbide bit. The socket must be roughened if coring with a diamond bit; this should be written on the plans. Factors are a
straight 0.65 reduction factor independent of wet or dry concrete conditions during installation and a small boost for using concrete higher than 2,500 psi.
The smaller factor for cracked concrete is used since no supplementary rebar is being provided; this also matches with reduction factor below.

Minimum bond stress strength: Tyner 3= M (Tuer 1517 200 Tuner HIT RE 500) Tuner = 1512.441 psi

Distance to edge of project influence area: Cnai=10+d, - e Cng=1329 in ACI Eqn. 17.4.5.1d
1100 psi

Check if anchor bolts act in group for bond failure: Group_Bond_Failure_Check :=if s, <2 cy, ACI 17.2.1.1

“Bolts act in group.”
else

Group Bond Failure Check = “Bolts act in group.”

“Bolts act singly.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

Theoretical projected influence area 2 1C]
of a single bolt far from an edge: Ao = (2 Cn) Ango =214.835 in ACI Eqn. 17.4.5.1c

Actual projected influence area for bolt(s): Ay = min ((cyg +min (s;, 2+ cyg) +min (Cyy» €42)) * (Car + Cna) 5 Mty * Ava) Ay, = 238.062 in®
ACI Fig. R17.4.5.1

Basic bond strength of adhesive anchor: Ny = Typep o T o dy e by N, = 14.848 kip ACI Eqn. 17.4.5.2

Concrete is not light weight; so, lambda-a is set to 1.0; per ACI 17.4.5.2, un-cracked bond stress may be used.

Factor for eccentrically loaded anchor bolts: ¥ o i=1.0 Anchor bolts are not loaded eccentrically. ACI 17.4.5.3
€,

Factor for anchor bolts near an edge: P Na 1= min [1.0 ,0.7+03. -4 ) P na=0.918 ACI Eqn. 17.4.5.4b
CNa

Factor for anchor bolts in un-cracked

i €, €
qongrete neal anemge vithout ¥, yo=min| 1.0, max |1 ¥, yo=0.733 ACI Eqn. 17.4.5.5b
supplementary reinforcement: § Cov Coe §

Wall caps are not under load, and per the wall cap design,
service moment from post does not cause cracking.

ot na* Pop na*Npa N, =7.192kip  ACIEqn. 17.4.5.1b

Nominal bond strength of the adhesive anchor(s):  ¢N,, =g+ .

ec_ Na*
Nao

Check of bolt bond stress failure: Bond_Stress_Check :=if ¢Nyo>ny,+ T, 4 Bond_Stress_Check = “Bolt is satisfactory.”
| “Bolt is satisfactory.”
else

“Bolt is no good.”

Steel strength of anchor in shear (17.5.1)

Steel shear strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in shear (17.5.2)
Check bolt group action for shear concrete breakout: Group_Shear_Breakout_Check :=if s, <3-¢,, ACI 17.2.1.1

“Bolts act in group.”

else

“Bolts act singly.”

Group Shear Breakout Check = “Bolts act in group.”

Theoretical projected influence area

of a single bolt far from an edge: Ayeyi=45-cy” Aye,=127.122 in’ AClEqn. 17.5.2.1c

Actual projected influence area for bolt(s): 4y, :=min (1.5 ¢+ (1.5« oy +min (s;,3 + cyp) +min (15 oy, 0)) > Mgy * Apey) Ay =155.245 in’
ACI Fig. R17.5.2.1b

Load bearing length: Li=hy I,=5in ACI 17.5.2.2

Basic concrete breakout strength in shear for single anchor:

1 \02 7 ohis P R
V), :=min [[7 [i) \/—a) «1.0. S . [ i ) ,9:.1.0 S . ‘al «Ibf  V,=6.5 kip Concrete is not light weight; ACI Eqgns. 17.5.2.2a

I8 in psi in psi in so, lambda-a is set to 1.0. & 17.5.2.2b
Factor for eccentrically loaded anchor bolts: Z, y=10 Anchor bolts are not loaded eccentrically. ACI 17.5.2.5
Factor for anchor bolts near an edge: ¥,y yi=min [1.0 ,0.7+0.3 L) ¥, »=0.869 ACI Eqns. 17.5.2.6a
T 1.5-c, T & 17.5.2.6b
Factor for anchor bolts in un-cracked concrete: Y. ,:=1.4 Wall caps are not under load, and per the wall cap design, ACI 17.5.2.7

service moment from post does not cause cracking.
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Pedestrian Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

1.5.¢
Factor for small embedment ¥, yi=min [1.0 ,ﬂh—‘”] ?, =1 ACI Eqn. 17.5.2.8
ef

: A
Nominal concrete shear breakout strength: DV ehg = Baan* £, e v Yea v Ve e Uy Vs PV epg = 6.28 kip ACI Eqn. 17.5.2.1b
Veo

Check of concrete shear breakout failure: Concrete_Shear_Breakout_Check:=if ¢V > V,ps

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Breakout Check = “Bolt is satisfactory.”

Concrete pryout strength of anchor in shear (17.5.3)

Basic concrete pryout strength of a single anchor in shear:  ¢N,,, := min (§N,, , $N.) PN,y =7.192 kip ACI 17.5.3.1
Concrete pryout strength in shear coefficient: kepi=if hy<2.5in kep =2 ACI 17.5.3.1
It
else
H 2.0
Nominal concrete pryout strength of anchor(s) in shear: BV pg = kep * BN e PV g = 14.384 kip ACI Eqn. 17.5.3.1b
Check of concrete pryout strength in shear: Concrete_Shear_Pryout _Check:=if ¢V 0>V,

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Pryout Check = “Bolt is satisfactory.”
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woodJ.

Vertical Interior Post and Horizontal Rail Design
Given:

Post Height: H, =42 in Plans

Post and Rail Yield Strength: F,:=50 ksi ASTM F1043
Post and Rail Modulus of Elasticity: E,:=29000 ksi

Post and Rail Ultimate Strength: F, =58 ksi

Properties for ASTM F1043 IC 1-7/8" Pipe for Interior Posts
Post OD: OD,,.,:=1.900 in

posi
Post Thickness: =0.12 in

pos

Properties for ASTM F1043 IC 1-5/8" Pipe for Rails
Rail OD: OD, ;= 1.66 in
Rail Thickness: trayi=0.111 in

Design Point Live Load Py, =200 Ibf AASHTO 13.8.2
Design Uniform Live Load wy =0 plf AASHTO 13.8.2
Post spacing: Lo i=8 ft Plans

Weight of chain link fence: Supi=0.48 psf

Design wind load from chain link fence: Sovina =15 psf AASHTO 13.8.2

Pipe Rail Safety Fence Design Check - Interior Post

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

Load Factors (AASHTO Tbl. 3.4.1-1):

PL Load Factor:
DC Load Factor:
WS Load Factor:

Resistance Factors:

Steel Flexure (AASHTO 6.5.4.2):
Steel Shear (AASHTO 6.5.4.2):
Tension, Yielding in Gross Section:

Bending (AISC F1):
Shear (AISC G1):

Bearing (AISC DG#1):
Fillet Weld (AISC Tbl. J2.5): B
Bolts (AISC J3.6 & J3.7):

ypri=1.75
ypri=1.25
yws = 1.00

¢p:=1.00
¢,:=1.00
$,:=0.95
#,:=0.90

by _arsc:=0.90
Pprg = 0.60
:=10.73
ap:=0.75

Adhesive Anchor Bolts (ACI 17.3.3,

Condition B, Category 1):

Steel weight density:

Paan = 0.65

Vsteel "= 490 Pcf

ASTM F1043 Group IC Electric Resistant Welded 50,000 psi yield steel pipe
Trade Decimal O.D. Pipe wall Section Min. Yield Max Bending Calculated Load (Ibs)
Reference Equivalent Thickness Weight Modulus x| Strength =| Moment 10" Free Cantilever
0.D. inches (mm) inches (mm) Ib./ft. (kg/m) inches® (mm?*) |x psi (Mpa) |= Lb.In Supported 4 6'
15/8" 1.660 42.16 0.111 2.82 1.84 2.74 0.1962 4.98 x| 50000 345 = 9810 327 204 136
17/8" 1.900 48.26 0.120 3.05 2.28 3.39 0.2810 7.14 x| 50000 345 = 14050 468 293 195
23/8" | 2375 | 6033 | 0.130 3.30 312 464 | 04881 | 1240 [q 50000 345 |5| 24405 814 508 339
27/8" | 2875 | 73.03 | 0.160 4.06 4.64 6.91 0.8778 | 22.30 |d 50000 345 |5| 43890 1463 914 610
31/2" | 3500 | 88.90 | 0.160 4.06 5.71 850 | 1.3408 | 34.06 |q 50000 345 |=| 67042 2235 1397 931
I 4.000 | 101.60 | 0.160 4.06 6.57 978 | 1.7820 | 4526 | 50000 345 |5| 80008 2970 1856 1237
41/2" | 4500 | 114.30 | 0.160 4.14 7.42 11.04 | 22850 | 57.99 | 50000 345 |5| 114295 3810 5486 1587
Output:
Post Section Properties:
Post inside diameter: D sti= O —2 o b0 D,y = 1.66 in o
Post Area: Ao i=0.785398 - (OD,,.,> — ID A =0.671 in’ Axis of moments
I | port ( P ’m post ) port )i through center
Post Unit Weight: Woost = Vsteet * Apost Wpose = 2.283 plf ] —— \\ T
Post centroid: Cposti=0.5- 0D, Cpost=0.95 in e |
Post Moment of Inertial: Ly 7= 0.049087 + (0D, " — 1D, ") Loy =0.267 in* d A ‘*“ e 'j
1 S, /
- . post +1'3
Post Section Modulus: S i Spose =0.281 in e,
Cpmt
- L OD,,..> —ID,..° d>d
Post Plastic Section Modulus: Zy A o Zppy=0.381 in’ A= &4—‘) 785398 (d*- df)
6
d
c= 2
Rail Section Properties:
LI _md 0D e087 @i df)
Rail inside diameter: D,i1:= OD, iy — 2 + by ID,,;=1.438 in 644 ] 1
. ; dia -
Rail Area: A,yy:=0.785398 - (0D, > — ID,") A, y=0.54 in® 5= M) osetrs S5
Rall Unlt Welght Wiail = Vsteel * Arail Wil = 1.838 plf‘ \fdi.‘“{j{i
Rail centroid: Crait=0.5+ 0D, Cra=0.83 in T
Rail Moment of Inertial: Lyiy+=0.049087 « (OD, )" —ID, ") Lyy=0.163 in* oy gl
; Al
Rail Section Modulus: L 8,0 =0.196 in’
Crail
. L . OD, ;> —ID,
Rail Plastic Section Modulus: Zyii= rai” —Drai Z,uy=0.267 in®
6
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Interior Post chk: RFA on: 12/22/2021

Post concentrated live load applied at top rail: Post 11,5=Prp+ Wiy » Ly, = 0.2 kip Posi 11, =0.2 kip AASHTO Eqn. 13.8.2-1
Post moment loading from live load: Mooy 113= Prost 11, * Hpose = 8400 Ibf + in M,y 1, = 8400 Ibf - in Post treated as
1 B 1 cantilevered beam
Post shear from live load: AP EAE2I F Voost 12, = 0.2 kip
> Rail treated as
. i L wyp oL Py oL . simply supported
Rail moment from live load applied: My 11 0 0 O Pl B 2. My 1, = 4800 Ibf - in R B p el
8 4 and horizontal live
oot 3 loads combined into
o A fc4f° 5 T Lspc resultant direction.
Rail moment from dead load: Mgt pr= ! - 4+ : M,y pr=257.093 Ibf- in
. . wrp e L P
Rail shear from live load: Ve 1.5= V2 - Jz—ﬂ 1 % Vyait 1o = 0.1 kip
3 fr
" " L ﬁl/‘. ;()A\l . LSPC
Rail shear from dead load: Vrit i 3= ’””2 7+ - Vyait 1= 0.011 kip
AASHTO load factors
used instead of ASCE
Factored Shear Load on Post: Voost-ui=Ypr* Vpost Li e = 0.35 kip load factors found in
AISC and ACI. This is
" T acceptable as it is more
Factored Moment Load on Post: My = Vpr* Myost 11 M,y = 14700 Ibf~ in consgrvaﬁve'

L . Vertical dead load was
Factored Shear Load on Rail: Viait = VpL* Veait 10+ V1 * Veait DL Vit = 0.188 kip combined directly with
live load resultant since

. g it was so small
Factored Moment Load on Rail: Mot o= pr* Megit 124 V01 * Myait pr Mgy o =8721.366 Ibf~in  o0rored to the live

load.

Post Analysis:
Following AASHTO 6.12.1.2.3¢ for Shear Design:

Gross Area: A=A, A4,=0.671 in’
Distance from Max to 0 Shear: L,=H,,, L,=42 in
i 1.6 - E; 0.78 « E
Critical Strength for Shear: F,,:=min|0.58 « F, , max , F,.=29 ksi AASHTO Eqns. 6.12.1.2.3c-2
Sl B &6.12.1.2.3¢c-3
4 2
L v OD post OD post
oD post tpast tpast
Factored nominal shear resistance: V=02 0.5 F, A, ¢V, =9.73 kip AASHTO Eqn. 6.12.1.2.3c-1
¢V}'I . ¢Vn
Post Shear Check: =27.8 Post_Shear Check := if >1.0
post_u post_u

“Post shear strength is satisfactory.”
else

Post Shear Check = “Post shear strength is satisfactory.”

“Post is not satisfactory.”

Following AASHTO 6.12.2.2.3 for Flexure Design:

; OD,o  0.07-E Per AASHTO 6.12.2.2.3, as long
Check of Noncompact Section: Check_Compact:=if — 2 < D/t does not exceed 0.07E/Fy,
Lpost F, plastic modulus and equation
“Section is compact. Local buckling does not apply.” U ] e e
else

“Section is not compact. Check wall slenderness.”

Check Compact =““Section is compact. Local buckling does not apply.”

Factored Nominal Moment Resistance: M, =y Fy o Z,0, ¢M,=19.039 kip-in  AASHTO Egn. 6.12.2.2.3-1
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woodJ.

Pipe Rail Safety Fence Design Check - Interior Post

By: MJF

M, M,
Post Flexural Check: oM, =1.295 Post_Flex_Check := if oM, >1.0
post_u post_u
“Post flexural strength is satisfactory.”
else
“Post is not satisfactory.”
Post Flex_Check = “Post flexural strength is satisfactory.”
Rail Analysis:
Following AASHTO 6.12.1.2.3c for Shear Design:
Gross Area: A=A,y A4,=054 in’
: AL
Distance from Max to 0 Shear: o, ::% L,=48 in
L 1.6+ E, 0.78 + E, )
Critical Strength for Shear: F,,=min |0.58 « F, , max , F,.=29 ksi AASHTO Eqns. 6.12.1.2.3¢-2
& & 6.12.1.2.3¢-3
Lv ( ODmil ODmi/ :
oD rail Lrail Lrail

Factored Nominal Shear Resistance: ¢V, =4, 05 F, -4,

oV,

rail_u

Rail Shear Check: = 411575

Following AASHTO 6.12.2.2.3 for Flexure Design:

Check of Noncompact Section: Check_Compact := if

t F

rail y

“Section is compact. Local buckling does not apply.”

else

0D,y _ 0.07-E,

oV, =1.832 kip AASHTO Eqgn. 6.12.1.2.3c-1

PV

rail_u

Rail_Shear Check := if

>1.0

“Rail shear strength is satisfactory.”
else

“Rail is not satisfactory.”

Rail Shear Check =*Rail shear strength is satisfactory.”

Per AASHTO 6.12.2.2.3, as long
D/t does not exceed 0.07E/Fy,
plastic modulus and equation
6.12.2.2.3-1 may be used.

“Section is not compact. Check wall slenderness.”

Check Compact =““Section is compact. Local buckling does not apply.”

Factored Nominal Moment Resistance: M,y =G F\ e Z,y

Post Flexural Check: oM, B

rail_u

Page 3 of 11
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oM, =13.339 kip-in AASHTO Eqn. 6.12.2.2.3-1

oM,

rail_u

Rail _Flex Check := if >1.0

“Rail flexural strength is satisfactory.”
else

Rail Flex Check = “Rail flexural strength is satisfactory.”

“Rail is not satisfactory.”

On: 9/17/2021
Chk: RFA On: 12/22/2021



By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Interior Post chk: RFA on: 12/22/2021

Confirming that Wind Loading Doesn't Control:

Per last paragraph of AASHTO 13.8.2, the wind load on the chain link fence is not applied simultaneously with the live load.

Uniform wind load on post: Wost wind :=Jwind * Lspe Wpost wind = 120 plf’
] ) w, wind * H 2
Design moment from wind on post: I AMMAE= yws-w Miyoss wind = 8820 Ibf « in
Mg, = 14700 Ibf-in <- LL controls
DeSign Shear from Wlnd on pOSt: Vpastﬁwindiu =Vwse 'post_wind * Hpost Vpastﬁwindiu =042 klp
Vipostu = 0.35 kip <- LL controls
H 3 i Hpast
Uniform wind on rail: Woait wind *=fovind * Wit wina = 26.25 plf

2
WraiLwind i Lspc

Design moment from wind on rail: M,sit wind u*= VWS-T Myit ving «=2520 Ibf~ in
M, ,=8721.366 Ibf-in <- LL controls
J I _ .
Design shear from wind on rail: Vit wind 1= Y5 * Wrail wind ® ——r P o= 0,105 kip

Vit = 0.188 kip <- LL controls
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q q . . By: MJF On: 9/17/2021
wood Pipe Rail Safety Fence Design Check - Interior Post Chk: RFA  On: 12/22/2021
(]
; | ; i Wall Cap
Base Plate Design - Line Post w/ Axial Compression
Given: Plans POST
Cap width: Wogp = 15.63 in BT T
Distance from post to end of cap: Lepg =96 in 4 +
® Q.
Plate thickness: 1,:=0.5 in ° 8
§ o5 Zz
Plate length (perpendicular to fence): Nyjare =8 in = T £
= (=]
Plate width (parallel to fence): Bijge =10 in g g == 5%
[&]
Compressive Strength of Concrete: Sfo=4 ksi 2 . §
(6] a2
Side clearance to anchor bolts: Ty i= 1.5 in
Base plate steel yield strength: Fy plate =36 ksi Y
Number of rails: T hi=2 Plate Width, B
| Distance to end of cap, Lo
+ >
Output:
Plate Area: Aptaie = Notato* Bpiate Ao =80 in’
Distance from bolt to near face of cap: chy ::% (W ap = Nytate) + Xpote c,;=5.315in
. . B ate
Distance from outside bolt to end of cap: Cori=Lopg— —2% 4 Xy C,2=92.5in
Distance from bolt to far face of cap: o= T —icl, ¢,3=10.315 in
. Conservatively setting
Bearing Area taken to Be Same as Plate Area: Apearing = Aplate Apearing =80 in®  bearing area to the same

Max allowed bearing pressure:

Max allowed bearing pressure line:

Post dead load on plate
Rail dead load on plat:

Factored vertical load on plate:

Minimum length of area of bearing:

as the plate.

un . Abearing T 1
Soumax = prg o min |0.85 « ffp oA [——— , 1.7 -1, Fou max = 2.04 ki ACI Tbl. 14.5.6.1
plate
b
Dmax ::fpuAmax 2 Bplate Dmax = <2'448 * 105 ) _tf
PpastﬁDL = Wpost ° Hpast PpgstiDL =0.008 klp

PrailfDL = Nygp 2. VrailgDL PrailfDL =0.043 klp

Critical eccentricity distance:

Eccentricity of loading:

Small moment check:

c:\users\michael.fraker\documents\pw_wsdot\dms26075\Pipe Rail Safety Fence Design Check - Interior Post.mcdx

Pu =7pL* (PpostiDL ar Prail;DL) Pu =0.064 klp
P
Ve Yin=0.003 in AISC DG#1 Eqn. 3.3.3
qmax
N, Y,
Y O s €= 3.998 in AISC DG#1 Eqn. 3.3.7
2 2
M,
Cloading = ‘;S’f“ Cloading=231.31in AISC DG#1 Eqn. 3.3.6
u
Small_Moment_Check :=if ejqging < €criy f e :
“Moment is small, no need for anchor bolts.” ;if _\p;
else A]EI,L Pr A]Qm Pr
“Moment is large, need anchor bolts.” l = [ 1 T [ l I 1 ] x T J
max
Small_Moment Check = “Moment is large, need anchor bolts.” T & b qmaxY
N_Y Y
rs L 22 z
lat :
f;iim =2 ~ Xbols f;iim =25in &

Distance from bolt to center of post:

Page 5 of 11

Fig. 3.4.1. Base plate with large moment.



By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Interior Post chk: RFA on: 12/22/2021

2

f + Nplate) > 2 Pu ° <elaading +fdim>
dim =
2

Dmax

Plate dimension check Plate_Dim_Check := if Plate_Dim_Check = “Plate dimensions are OK.”

“Plate dimensions are OK.”

else

“Plate needs to be longer and/or wider.”

2

. N, N, 2« P+ (epouding + i
Length of bearing area centered at the Y ookt (ﬁﬁm + ”"”e) =\ fim+ "’”’e) - u* (Coaang +Jam) Yioading = 0-113 in
iCi i i 1 qmux
eccentricity of this loading: AISC DG#1 Eqn. 3.4.3
Required tensile resistance in anchor rods: T, = G * Yioading = Pu T,=2.242 kip AISC DG#1 Eqn. 3.4.2

Find minimum required thickness for plate based on bending at bearing interface:
Nytare— 0.8 OD

Find bearing bending line distance from Mpjaze A v o Myjgre = 3.24 in
edge of plate (AISC DG#1, 3.1.3): 2
Calculating minimum thickness based on bearing: A I I SRR T 2 B S 7 0 by brng-reg = 0-301 in
fm max
1155 mplate.\/l_
F‘yAp/ate
AISC DG#1 Eqns. 3.3.14a-2 &
else 3.3.15a-2
Yl()adin
.};)uAmux 4 Yloading ° [mplate — D) S )
2.11-
FyJﬂate
Find minimum required thickness for plate based on bending at tension interface:
Find tension bending line distance from 0.8+0D, .
edge of plate (AISC DG#1, 3.1.3): Xien =:fdim——2 Xen=1.74 in
- —h z + T,+x
Calculating minimum thickness based on tension: Bl i= 2001 -ﬂ#_ by ten reg=022in  AISC DG#1 Eqn. 3.4.7a
[ Bplate ° FyJ)/ute [~
Controlling minimum required base plate thickness: 4, ., :==max (4, pug req » 1y ten req) by roq=0.301 in
Check chosen plate thickness: Plate_Thick Check:=if t,>1, ,,
“Chosen plate thickness is adequate.”
else
“Need a thicker plate.”

Plate_Thick Check = “Chosen plate thickness is adequate.”
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q q . . By: MJF On: 9/17/2021
WOOd. Plpe Rail Safety Fence De5|gn Check - Interior Post chk: RFA on: 12/22/2021
Pipe to Plate Fillet Weld Connection Design
Given:
Minimum Fillet Weld Size: Winin ::% in Min fillet weld size based on AISC Table J2-4
Chosen fillet weld size W::% in
Weld material: Fpyy:=10 ksi
Output:
Welded Connection to Base Plate Design:
Gross Length of Weld is Post Perimeter: Lyi=m+-O0D,,, L,=5.969 in
Effective Length of Weld: Ly=L,—=2w L,=5344 in
: . Ly
Effective Throat Thickness: t,:= min (w- sin (45 deg) , - ) t,=0.221 in AISC, Sect. J2, Pts. 2a & 2b
Area of Weld: Ayi=L,t, A,=1.181in"  AISC, Sect. J2, Pts. 2a
- - - 0D,y |’ i 17. Very thin annulus
Moment of Inertia of circular fillet weld: Lyo=me|—22| ., 1,=0.595 in :
2 A=2nRt
i i 1 oD, 0t £ 4 yc =R
Polar moment of Inertia of circular fillet weld: J,=2me T" .1, J,=1.19 in S
== b
r.=r,=0.707R
]=2mr3t
Determine design strength of weld:
Nominal strength of weld metal: F,i=¢p, 0.6« Fryy F,,=31.5 ksi AISC, Tbl. J2.5
Mpostﬁu . [ Osz “‘w)
Normal stress caused by bending moment: Goppme——— L L I 0, = 23.463 ksi = M = M-c
IW LS' I
A Vpost u .
Stress caused by shearing force: 7l e LR 7,=0.296 ksi
AW
: f Op Op 2 2 3
Resultant stress in weld from loading: Ol ::7 L Bl L7, Oprax = 23.467 ksi

G = Ty + R

Check of weld thickness: Weld Design Check := if F,,> 0,,,.

else
| “Need bigger fillet weld.”

Weld Design_Check = “Chosen weld size is sufficient.”

“Chosen weld size is sufficient.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Interior Post chk: RFA on: 12/22/2021

Anchor Bolt Connection Design

5.315" 5.315"

Given: \\r I
Number of anchor bolts resisting loads: ng =2  Only one side's bolts oo T e
L resist tension or shear. 2 3 r 1 e
Bolts are specified as ASTM F1554 and Grade A36 1k “ AT
AL =L

Bolt diameter: dy, ::% in Plans o e l
Bolt area: A,:=0.307 in AISC Tbl. 7-18 rornt it { ’
Bolt nominal yield stress strength: Fy o= 36 ksi AISCITBI 2 || "o Wt e //J_
Bolt nominal ultimate tensile stress strength: F, popi= 58 ksi —

. WALL CAP TYPICAL DETAIL
Bolt embedment: hypi=5 in Plans
Output:

= : Biae—24x
Tension anchor bolt spacing: sp= P"”e—lf"”’ s;=Tin
Nap —
Bolt nominal tensile stress strength: Foyi=0.75F, pop F,,=43.5 ksi AISC Tbl. J3.2
Bolt nominal shear stress strength: F,,:=040-F, , . F,,=23.2 ksi AISC Tbl. J3.2, assuming
L threads within shear plane
: | T,

Ultimate tension load on one anchor bolt: s T, o= 1.121 kip

= 2l ¥

A Vpost u .
Required shear stress on one bolt: Vil e, f,=0.57 ksi
Ny Ay
Bolt modified nominal tensile stress strength, _ al )
modified for effects of shear stress: Ey=min (Fyy 1.3« Fy— G E. -fy F,/'=43.5 ksi AISC Eqn. J3-3a
ab * L ny

Bolt factored tensile resistance: DR boir = Pa* Fr'* Ay $R,, poir = 10.016 kip AISC Egn. J3-2
Check of bolt tensile stress: Bolt_Tensile_Check :=if ¢R, 10> T, a Bolt_Tensile_Check = “Bolt is satisfactory.”

” “Bolt is satisfactory.”
else

“Bolt is no good.”

Continuing Anchor Bolt Connection Design per ACI 318
Outside diameter of anchor: d,:==dy, d,=0.625 in

Critical edge distance for adhesive anchors: Caci=2 hyy Ce=10in ACI 17.7.6

Steel strength of anchor in tension (ACI 17.4.1)

Steel tension strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in tension (ACI 17.4.2)
Check bolt group action for tension concrete breakout: Group_Tension_Breakout _Check = if 5;<3«h, ACI 17.2.1.1

” “Bolts act in group.”
else

Group Tension_Breakout Check = “Bolts act in group.”

“Bolts act singly.”

Theoretical projected influence area

of a single bolt far from an edge: Arey =9+ by’ Ape, =225 in’ ACI Eqn. 17.4.2.1¢

Actual projected influence area for bolt(s): Ay, :=min ((c,j+ 1.5+ hy) + (1.5« hypt-min (s;, 3+ hyg) +min (1.5« hop, €02)) s g+ Ano) Ay =281.93 in’
' ACI Fig. R17.4.2.1

Concrete tension breakout strength coefficient: k=17 Value of 17 for post-installed anchors, per ACI 17.4.2.2
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Interior Post chk: RFA on: 12/22/2021

] ) I h 15
Basic concrete tension breakout strength for single anchor: Ny:=k,- 1.0-\/f—c_ . (—ef) - Ibf N,=12.021 kip  ACI Eqn. 17.4.2.2a
pst mn
Factor for eccentrically loaded anchor bolts: Z,. yi=1.0 Anchor bolts are not loaded eccentrically. ACI 17.4.2.4
C
Factor for anchor bolts near an edge: Y, yi=min (1.0 ,074+03.— ¥, v=0913 ACI Eqn. 17.4.2.5b
i 1.5-h, i
Factor for anchor bolts in un-cracked concrete: Y, =14 Wall caps are not under load, and per the wall cap design, ACI 17.4.2.6

service moment from post does not cause cracking.

Factor for anchor bolts in un-cracked

i Ze! 1.5h
qongreteneal an _edge without ¥, yi=min|1.0, max o ¥, y=0.75 ACI Eqn. 17.4.2.7b
supplementary reinforcement: s Cov Cor s
Nominal concrete tension breakout strength: Nty ™= Paa * et oo v Poa v oy Yop e Ny ¢N.py=9.382 kip  ACIEqn. 17.4.2.1b
Nco
Check of concrete tension breakout failure: Concrete_Tension_Breakout_Check = if $N,po>ny,+T, 4

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Tension_Breakout Check = “Bolt is satisfactory.”

Pullout strength cast-in, post-installed expansion, or undercut anchor in tension (ACI 17.4.3)

Proposed anchors are post-installed adhesive, not headed studs or bolts, expansion anchors, or undercut anchors; so, no check is required.

Concrete side-face blowout strength of headed anchor in tension (ACI 17.4.4)

Proposed anchors are post-installed adhesive, not headed studs or bolts; so, no check is required.

Bond strength of adhesive anchor in tension (ACI 17.4.5)
Minimum bond stress for HY 200 Epoxy per HILTI ESR-3187:

0.1
Tunermy 200°=0.65+ (L) 2220 psi = 1512.441 psi

2500 psi

Per HILTI ESR-3187 Table 14, basic un-cracked bond strength is 2,220 psi; this value is factored by a straight 0.65 for either wet or dry installation
conditions and by a small boost from concrete strength higher than 2,500 psi

Minimum bond stress for HIT-RE 500 Epoxy per HILTI ESR-3814:

0.15
Tyner it RE 500°=0.65* (f—) <2210 psi = 1541.429 psi

2500 psi

Per HILTI ESR-3814 Table 12, basic un-cracked bond strength is 2,210 psi. This value is based on diamond coring and roughening afterwards; it is lower
than being hammer-drilled with carbide bit. The socket must be roughened if coring with a diamond bit; this should be written on the plans. Factors are a
straight 0.65 reduction factor independent of wet or dry concrete conditions during installation and a small boost for using concrete higher than 2,500 psi.
The smaller factor for cracked concrete is used since no supplementary rebar is being provided; this also matches with reduction factor below.

Minimum bond stress strength: Tyner 3= M (Tuer 11y 200 Tuner HIT RE 500) Tuner = 1512.441 psi

Distance to edge of project influence area: Cnai=10+d, - e Cng=1329 in ACI Eqn. 17.4.5.1d
1100 psi

Check if anchor bolts act in group for bond failure: Group_Bond_Failure_Check :=if s, <2 cy, ACI 17.2.1.1

“Bolts act in group.”
else

Group Bond Failure Check = “Bolts act in group.”

“Bolts act singly.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Interior Post chk: RFA on: 12/22/2021

Theoretical projected influence area 2 1C]
of a single bolt far from an edge: Ao = (2 Cn) Ango =214.835 in ACI Eqn. 17.4.5.1c

Actual projected influence area for bolt(s): Ay = min ((cyg +min (s;, 2+ cyg) +min (Cyg» €42)) * (Car + Cna) » Mty * Ava) Ay, =273.826 in®
ACI Fig. R17.4.5.1

Basic bond strength of adhesive anchor: Ny = Typep o T e dy e by N, = 14.848 kip ACI Eqn. 17.4.5.2

Concrete is not light weight; so, lambda-a is set to 1.0; per ACI 17.4.5.2, un-cracked bond stress may be used.

Factor for eccentrically loaded anchor bolts: ¥ o i=1.0 Anchor bolts are not loaded eccentrically. ACI 17.4.5.3
¢,
Factor for anchor bolts near an edge: Yy Ng = min [1‘0 ,0.74+03. 4 ) ¥, ve=0.918 ACI Eqn. 17.4.5.4b
e o e

Factor for anchor bolts in un-cracked

i €, €
qopgrete neal anemge vithout ¥, yoi=min| 1.0, max |1, ¥, vo=0.733 ACI Eqn. 17.4.5.5b
supplementary reinforcement: T et g n

ac

ac

Wall caps are not under load, and per the wall cap design,
service moment from post does not cause cracking.

ot na* Pop Na*Npa N, =8.272kip  ACIEqn. 17.4.5.1b

Nominal bond strength of the adhesive anchor(s):  ¢N,, =g+ .

ec_ Na*
Nao

Check of bolt bond stress failure: Bond_Stress_Check = if ¢N,o>ng,+ T, 4 Bond_Stress_Check = “Bolt is satisfactory.”
| “Bolt is satisfactory.”
else

“Bolt is no good.”

Steel strength of anchor in shear (17.5.1)

Steel shear strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in shear (17.5.2)
Check bolt group action for shear concrete breakout: Group_Shear_Breakout_Check :=if s, <3-¢,, ACI 17.2.1.1

“Bolts act in group.”

else

“Bolts act singly.”

Group Shear Breakout Check = “Bolts act in group.”

Theoretical projected influence area

of a single bolt far from an edge: Ayeyi=45-cy” Aye,=127.122 in’ AClEqn. 17.5.2.1c

Actual projected influence area for bolt(s): 4y, :=min (1.5 ¢, (1.5« oy +min (s;,3+ cyp) +min (15 Cop 5 0)) > Mg * Apey) Ay =182.929 in’
ACI Fig. R17.5.2.1b

Load bearing length: Li=hy I,=5in ACI 17.5.2.2

Basic concrete breakout strength in shear for single anchor:

1 \02 7 ohis P R
V), :=min [[7 [i) \/—a) «1.0. S . [ i ) ,9:.1.0 S . ‘al «Ibf  V,=6.5 kip Concrete is not light weight; ACI Eqgns. 17.5.2.2a

I8 in psi in psi in so, lambda-a is set to 1.0. & 17.5.2.2b
Factor for eccentrically loaded anchor bolts: Z, y=10 Anchor bolts are not loaded eccentrically. ACI 17.5.2.5
Factor for anchor bolts near an edge: ¥,y yi=min [1.0 ,0.7+0.3 L) V=1 ACI Eqns. 17.5.2.6a
T 1.5-c, T & 17.5.2.6b
Factor for anchor bolts in un-cracked concrete: Y. ,:=1.4 Wall caps are not under load, and per the wall cap design, ACI 17.5.2.7

service moment from post does not cause cracking.
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WOOd. Pipe Rail Safety Fence Design Check - Interior Post i Ren  om e,

1.5.¢
Factor for small embedment ¥, yi=min [1.0 ,ﬂh—‘”] ?, =1 ACI Eqn. 17.5.2.8
ef

: A
Nominal concrete shear breakout strength: DV ehg = Baan* £, e v Yea v Ve e Uy Vs ¢V =8.512 kip  ACI Eqn. 17.5.2.1b
Veo

Check of concrete shear breakout failure: Concrete_Shear_Breakout_Check:=if ¢V > V,ps

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Breakout Check = “Bolt is satisfactory.”

Concrete pryout strength of anchor in shear (17.5.3)

Basic concrete pryout strength of a single anchor in shear:  ¢N,,, := min (§N,, , $N.) $N,pe = 8.272 kip ACI 17.5.3.1
Concrete pryout strength in shear coefficient: kepi=if hy<2.5in kep =2 ACI 17.5.3.1
It
else
H 2.0
Nominal concrete pryout strength of anchor(s) in shear: BV pg = kep * BN e PV e = 16.545 kip ACI Eqn. 17.5.3.1b
Check of concrete pryout strength in shear: Concrete_Shear_Pryout _Check:=if ¢V 0>V,

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Pryout Check = “Bolt is satisfactory.”
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By: MJF
Chk: RFA

On: 9/17/2021

Pipe Rail Safety Fence Design Check - Cap Step Post on: 12/22/2021

woodJ.

Vertical Interior Post and Horizontal Rail Design

Given: Load Factors (AASHTO Tbl. 3.4.1-1):
Post Height: H,y =66 in Plans PL Load Factor: i =l1T4
Step Height: Hy,, =24 in DC Load Factor: e P X
Post and Rail Yield Strength: F,:=50 ksi ASTM F1043 WS Load Factor: Pwsi=1.00
Post and Rail Modulus of Elasticity: E,:=29000 ksi
Post and Rail Ultimate Strength: F,:=58 ksi Resistance Factors:
] i . Steel Flexure (AASHTO 6.5.4.2): ¢r:=1.00
Properties for ASTM F1043 IC 2-3/8" Pipe for Interior Posts
Steel Shear (AASHTO 6.5.4.2): $,:=1.00
Post OD: 0D, i=2.375 in i N |
| Tension, Yielding in Gross Section: $,:=0.95
Post Thickness: byost = 0.13 in .
Bending (AISC F1): #,:=0.90
Properties for ASTM F1043 IC 1-5/8" Pipe for Rails Shear (AISC G1): by uisci=0.90
Rail OD: OD,;;:=1.66 in Bearing (AISC DG#1): B = 0.60
Rail Thickness: £ = 0l lin Fillet Weld (AISC Tbl. J2.5): b5 =0.75
| A1 Bolts (AISC J3.6 & J3.7): $ap =075
Design Point Live Load Py, =200 Ibf AASHTO 13.8.2 :
| : : Adhesive Anchor Bolts (ACI 17.3.3,
Design Uniform Live Load wy =0 plf AASHTO 13.8.2 Condition B, Category 1): Baan = 0.65
Post spacing: Lo i=8 ft Plans
Weight of chain link fence: fori=0.48 psf . )
9 ) | id Steel weight density: Vsteer = 490 pef
Design wind load from chain link fence: Sovina =15 psf AASHTO 13.8.2
ASTM F1043 Group IC Electric Resistant Welded 50,000 psi yield steel pipe
Trade Decimal O.D. Pipe wall Section Min. Yield Max Bending Calculated Load (Ibs)
Reference Equivalent Thickness Weight Modulus x| Strength =| Moment 10" Free Cantilever
0.D. inches (mm) inches (mm) Ib./ft. (kg/m) inches® (mm?*) |x psi (Mpa) |= Lb.In Supported 4 6'
15/8" 1.660 42.16 0.111 2.82 1.84 2.74 0.1962 4.98 x| 50000 345 = 9810 327 204 136
17/8" 1.900 48.26 0.120 3.05 2.28 3.39 0.2810 7.14 x| 50000 345 = 14050 468 293 195
238" | 2375 | 60.33 | 0.130 3.30 312 464 | 04881 | 1240 |d 50000 345 |=| 24405 814 508 339
27/8" | 2875 | 73.03 | 0.160 4.06 4.64 6.91 08778 | 22.30 |q 50000 345 |=| 43890 1463 914 610
31/2" | 3500 | 88.90 | 0.160 4.06 5.71 850 | 1.3408 | 34.06 |] 50000 345 |=| 67042 2235 1397 931
4 4,000 | 101.60 | 0.160 4.06 6.57 978 | 1.7820 | 4526 |d 50000 345 || eooos 2970 1856 1237
41/2" | 4500 | 114.30 | 0.160 4.14 7.42 11.04 | 22850 | 5799 [ 50000 345 |=| 114205 3810 5486 1587
Output:
Post Section Properties:
Post inside diameter: D sti= O —2 o b0 D,y =2.115 in o
5 = i 7202 is of it
Post Area: Appyy = 0.785398 + (0D, — IDyp” ) Ay =0.917 in A;fozggggigrs
Post Unit Weight: Woost = Vsteet * Apost Wpose = 3.12 pIf ] —— \\ T
Post centroid: Cposti=0.5- 0D, Cposr=1.188 in o |
Post Moment of Inertial: Ly 7= 0.049087 + (0D, " — 1D, ") Lypy=0.58 in* d A ‘*“‘ e 'j
L i e /
Post Section Modulus: S it Spos = 0.488 in’ T
Cpmt
- L OD,,..> —ID,..°
Post Plastic Section Modulus: Z i L2 7 2o Zyp=0.656 in’ A= M# 785398 (d*- df)
d
@= E
Rail Section Properties:
_ M=) 4087 (@ of)
Rail inside diameter: D,i1:= OD, iy — 2 + by ID,,;=1.438 in 84
4 4 4 8
Rail Area: Ay =0.785398 + (OD,* —ID, ") A,y =0.54 in’ 8= "(d3; dd‘ )~ 098175 = :
Ra” Un|t Welght Wrail *= Vsteel * Arail Wil = 1.838 plf‘ sz,‘“a{i
Rail centroid: Crait=0.5+ 0D, Cra=0.83 in T
Rail Moment of Inertial: Lyiy+=0.049087 « (OD, )" —ID, ") Lyy=0.163 in* oy gl
SRR
. - e
Rail Section Modulus: L 8,0 =0.196 in’
Crail
. L . oD D,
Rail Plastic Section Modulus: 7 o ODrar” — D’ Z,uy=0.267 in®
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woodJ.

Post concentrated live load applied at high top rail:

Post concentrated live load applied at low top rail:

Post moment loading from live load:

Post shear from live load:

Rail moment from live load applied:

Rail moment from dead load:

Rail shear from live load:

Rail shear from dead load:

Factored Shear Load on Post:

Factored Moment Load on Post:

Factored Shear Load on Rail:

Factored Moment Load on Rail:

Post Analysis:

Following AASHTO 6.12.1.2.3¢ for Shear Design:

Lspc 3
Prosi 1 Hi=Prr+wirp e b =02 kip

I
Prosi 11 1=Wrr* ;pc =0 kip

VpastﬁLL =P, post LL_H =B post_LL_L

M,

ost_LL =P, post LL_H*° H, post =P post LL L *° <H ‘post Hstep)

r

8 4

H st
f[ . _pos
Whail * L £ & 2

2
Wrr* Lspc B 1iti Lspc
ail L= V2. =

- L

spc

Pipe Rail Safety Fence Design Check - Cap Step Post

2

spc I
8 8

wp L P
VrailfLL = \/— R A == T

MrailfDL =

H 0S|
W, el fdf. % ¥
v rail * Hspc I

spe

rail_DL*=
- 2 2

Vpastﬁu =7rL* VpustALL

Mpast;u =YpL" MpastiLL

Vyait =7 * Veait 1z + oL * Viait DL

Mgt w=YpL * Mygit 11+ Vo1 * Myit pr

Gross Area: A=A
Distance from Max to 0 Shear: L,=H,,,
Critical Strength for Shear: F,.:=min|0.58 - F,,, max 16-£ , i °E53
/i 0D, 4 0D, 2
ODpast tpast tpast

Factored nominal shear resistance:

Post Shear Check:

Following AASHTO 6.12.2.2.3 for Flexure Design:

Check of Noncompact Section:
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¢V}'l $= ¢V. 0'5 FCF.Ag

PV

post_u

=37.985

Post _Shear Check := if

By: MJF
Chk: RFA

AASHTO Eqgn. 13.8.2-1,

1t ost LL_H = 0.2 kip
modified for split top rails

p

1t post LL L= 0 klp

My, 11 = 13200 Ibf~ in

b Post treated as

cantilevered beam

VpastﬁLL =02 klp

Rail treated as

. simply supported
MrailfLL =4800 Ibf- in beam with vertical
and horizontal live

loads combined into
resultant direction.

MrailfDL =303.173 lbf- in

VrailfLL =0.1 klp

Vyait o1 = 0.013 kip

AASHTO load factors
used instead of ASCE

Vpastﬁu =0.35 kip load factors found in
AISC and ACI. This is
T L acceptable as it is more
Ao z=23100 {hfle 1 conservative.

Vertical dead load was
combined directly with
live load resultant since
it was so small
compared to the live
load.

Vit u=0.191 kip

M, = 8778.966 Ibf - in

oY
A4,=0917 in
L,=66in

F..=29 ksi AASHTO Eqgns. 6.12.1.2.3¢c-2

&6.12.1.2.3¢c-3

oV, =13.295 kip AASHTO Eqgn. 6.12.1.2.3c-1

¢V,

post_u

>1.0

“Post shear strength is satisfactory.”
else

“Post is not satisfactory.”

Post Shear Check = “Post shear strength is satisfactory.”

Dy _ 0.07-E,

tp()st F‘y

Check_Compact := if ———

“Section is compact. Local buckling does not apply.”

else

Page 2 of 11

Per AASHTO 6.12.2.2.3, as long
D/t does not exceed 0.07E/Fy,
plastic modulus and equation
6.12.2.2.3-1 may be used.

“Section is not compact. Check wall slenderness.”

Check Compact =““Section is compact. Local buckling does not apply.”

On: 9/17/2021
On: 12/22/2021



By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

Factored Nominal Moment Resistance: M,y =y Fy o Z,0, ¢M,=32.797 kip-in  AASHTO Egn. 6.12.2.2.3-1
M, M,
Post Flexural Check: oM, =142 Post_Flex Check := if oM, >1.0
post_u post_u
“Post flexural strength is satisfactory.”
else

“Post is not satisfactory.”

Post Flex_Check = “Post flexural strength is satisfactory.”

Rail Analysis:
Following AASHTO 6.12.1.2.3c for Shear Design:
Gross Area: A=A,y A4,=054 in’
: 12

Distance from Max to O Shear: N ::% L,=48 in

i 1.6+ E, 0.78 « E
Critical Strength for Shear: F,,=min [0.58 « F, , max , F,.=29 ksi AASHTO Eqns. 6.12.1.2.3¢-2

I E| &6.12.1.2.3¢c-3
Lv ( ODmil & ODmi/ =
oD rail trail trail

Factored Nominal Shear Resistance: ¢V, =4,°05 F, -4, @V, =17.832 kip AASHTO Eqn. 6.12.1.2.3¢c-1

. . ¢Vn £ . ¢Vn
Rail Shear Check: =41.052 Rail_Shear_Check := if >1.0

rail_u rail_u

“Rail shear strength is satisfactory.”
else

“Rail is not satisfactory.”

Rail Shear Check =*Rail shear strength is satisfactory.”

Following AASHTO 6.12.2.2.3 for Flexure Design:
OD,,; 0.07-E,
LT el LT

Check of Noncompact Section: Check_Compact := if <
i F,
I I , L Per AASHTO 6.12.2.2.3, as long
‘ Section is compact. Local buckling does not apply. D/t does not exceed 0.07E/Fy,
else plastic modulus and equation

6.12.2.2.3-1 may be used.

Check Compact =“Section is compact. Local buckling does not apply.”

“Section is not compact. Check wall slenderness.”

Factored Nominal Moment Resistance: M,y =y F\o Z, ¢M,=13.339 kip-in  AASHTO Egn. 6.12.2.2.3-1
. M,
Rail _Flex Check := if >1.0
Post Flexural Check: oM, 25 i
=15 i
1l “Rail flexural strength is satisfactory.”

else

Rail Flex Check = “Rail flexural strength is satisfactory.”

“Rail is not satisfactory.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

Confirming that Wind Loading Doesn't Control:

Per last paragraph of AASHTO 13.8.2, the wind load on the chain link fence is not applied simultaneously with the live load.

Uniform wind load on post: Woost wind :=Jwind * Lspe Wpost wina = 120 plf’
] ) w, i «H 2
Design moment from wind on post: Myt sind = yWS'W Mot wind «=21780 Ibf «in
M,y ,=23100 Ibf-in <- LL controls
DeSign shear from wind on pOSt: Vpastﬁwindiu =Vwse ‘post_wind * Hpost Vpastﬁwindiu =0.66 klp
Vipostu = 0.35 kip <- LL controls
H 3 i Hpast
Uniform wind on rail: Wit wind =Srvind * Wit wina=41.25 plf

3 . . T B
Design moment from wind on rail: )78 P 0 . . 2 Mgt vving w = 3960 Ibf ~ in

8
M,y ,=8778.966 Ibf-in <- LL controls
! I _ .
Design shear from wind on rail: Vrait wind 1= Y5 * Wrait wind® Hspe. Vo= 0,165 ip
Vit = 0.191 kip <- LL controls
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woodJ.

Base Plate Design - Line Post w/ Axial Compression

Given:

Cap width:

Distance from post to end of cap:
Plate thickness:

Plate length (perpendicular to fence):
Plate width (parallel to fence):
Compressive Strength of Concrete:
Side clearance to anchor bolts:

Base plate steel yield strength:
Number of rails:

Output:
Plate Area:

Distance from bolt to near face of cap:

Distance from outside bolt to end of cap:

q . . By: MJF On: 9/17/2021
Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021
Wall Cap
Plans POST
W= 151630 Plate Thickness, t,
Loy=28in 4 t H
en . % I xi
t,:=.5in ° o : z
ol g ? e ER=- - .
Nyjure =8 in = ad i ? g
=101 5 N i -— 8
Byjare =10 in 2 3§ I ;;
:=4 ksi = —lem—- _ =
fc 8 Caz 5 ‘Ml o
Xpopi=1.5 in }
Fy, piare =36 ksi v
Ny =4 Plate Width, B
Distance to end of cap, Lo |
B °
Aplate = Nplate = Bplate Aplate =80 in ’
1 1
Cq1 = ? <Wcap _Nplate> + Xpoir Ca1 = 5.315 in
B
Ca2i= Lend_ i = Xholt Car= 4.5 in

c,;3=10.315in

Distance from bolt to far face of cap: Ca3i=Wegpy—Cay

Conservatively setting

Bearing Area taken to Be Same as Plate Area: Apesring = Apare Apoaring=80 in®>  bearing area to the same
as the plate.
g . T Abearing .
Max allowed bearing pressure: Joumax = Porg o min |0.85 « fo e[ ——5 1.7, Jou max = 2.04 ksi ACI Tbl. 14.5.6.1
plate

B o= (2448 . 10%) 2L
St

Dmax ::.&uAmM * Dplate

Max allowed bearing pressure line:
Post dead load on plate Prost DL = Wyost * Hpost Pos o =0.017 kip

Rail dead load on plat: Pygit pr,=0.101 kip

PrailfDL =Ny * 2. VrailgDL

Factored vertical load on plate: P, =1 * (Poost pr + Prait 1) P,=0.148 kip

A ! 2
Minimum length of area of bearing: b Y,in =0.007 in AISC DG#1 Eqn. 3.3.3

qmax

L L N, ya

Critical eccentricity distance: Y L e,y =3.996 in AISC DG#1 Eqn. 3.3.7
2 2
L - M,
Eccentricity of loading: Cloading = —t Cloading=156.322 in AISC DG#1 Eqn. 3.3.6
Pu
Small moment check: Small_Moment_Check :=if €},44ing < €0ris f e ,
“Moment is small, no need for anchor bolts.” ;if _\p;
else A]EI,L Pr A]J;lm Pr
“Moment is large, need anchor bolts.” l £ [ 1 T [ l I 1 ] x T “
max
Small_Moment Check = “Moment is large, need anchor bolts.” T & b qmaxY
N Y Y
P L 22 z

H 3 lat 5

Distance from bolt to center of post: 07 = i L Sim=2.5in , N
Fig. 3.4.1. Base plate with large moment.
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

2

f + Nplate) > 2 Pu ° <elaading +fdim>
dim =
2

Dmax

Plate dimension check Plate_Dim_Check := if Plate_Dim_Check = “Plate dimensions are OK.”

“Plate dimensions are OK.”

else

“Plate needs to be longer and/or wider.”

2

. N, N, 2P, (€pudine + Jii
Length of bearing area centered at the Y ookt (ﬁﬁm + ”"”e) =\ fim+ "’”’e) - u* (Coaang +Jam) Yioading = 0.179 in
ici i i T qmux
eccentricity of this loading: AISC DG#1 Eqn. 3.4.3
Required tensile resistance in anchor rods: T, = G * Yioading = Pu T,=3.513 kip AISC DG#1 Eqn. 3.4.2

Find minimum required thickness for plate based on bending at bearing interface:
Nytare— 0.8 OD

Find bearing bending line distance from Mpjaze Ll e o 8 M0 = 3.05 in
edge of plate (AISC DG#1, 3.1.3): 2
Calculating minimum thickness based on bearing: A I I SRR T 2 B S 7 0 by brmg req = 0-366 in
fm max
1155 mplate.\/l_
F‘yAp/ate
AISC DG#1 Eqns. 3.3.14a-2 &
else 3.3.15a-2
Yl()adin
.};)uAmux 4 Yloading ° [mplate — D) S )
2.11-
FyJﬂate
Find minimum required thickness for plate based on bending at tension interface:
Find tension bending line distance from 0.8+0D, .
edge of plate (AISC DG#1, 3.1.3): Xien =:fdim——2 Xen=1.55in
- —h z + T,+x
Calculating minimum thickness based on tension: A= DT -ﬂ&— by ten reg=026in  AISC DG#1 Eqn. 3.4.7a
[ Bplate ° FyJ)/ute [~
Controlling minimum required base plate thickness: 4, ., :==max (4, pug req » 1y ten req) by roq =0.366 in
Check chosen plate thickness: Plate_Thick Check:=if t,>1, ,,
“Chosen plate thickness is adequate.”
else
“Need a thicker plate.”

Plate_Thick Check = “Chosen plate thickness is adequate.”
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woodJ.

Pipe to Plate Fillet Weld Connection Design

Given:
Minimum Fillet Weld Size:

Chosen fillet weld size

Weld material:

Output:

Welded Connection to Base Plate Design:
Gross Length of Weld is Post Perimeter:
Effective Length of Weld:

Effective Throat Thickness:
Area of Weld:

Moment of Inertia of circular fillet weld:

Polar moment of Inertia of circular fillet weld:

Determine design strength of weld:
Nominal strength of weld metal:

Normal stress caused by bending moment:

Stress caused by shearing force:

Resultant stress in weld from loading:

Pipe Rail Safety Fence Design Check - Cap Step Post

By: MJF
Chk: RFA

On: 9/17/2021
On: 12/22/2021

Wipin i= i in Min fillet weld size based on AISC Table J2-4
St
wi=——in
16
Fryy:=170 ksi
Lyi=m+ 0D, L,=7.461 in
Ly=L,—=2-w L,=6.836in
] L, ;
t,:=min (w *sin (45 deg) ar ) t,=0.221 in AISC, Sect. J2, Pts. 2a & 2b
Ayi=L,t, A,=1511 in® AISC, Sect. J2, Pts. 2a
3
iR [ ODpost) .1, I[,=1.162 in* 17. Very thin annulus
2 A=2nRt
0D, \’ y.=R
J=2 e | — 22| oy, J,=2325 in* i
2 I=1 =Rt
r.=r,=0.707R
J=2mr3t
Fyi= s, 0.6+ Fyy F,=31.5 ksi AISC, Tbl. J2.5

OD 0S|
Mpostiu * [ 2p t)
oy = Op = 23.597 ksi
IW
v,
e LA 7,=0.232 ksi
AW
0, 0O
O = 7b (f +7, O = 23.599 ksi

Check of weld thickness:
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Weld Design_Check :=

Weld Design_Check = “Chosen weld size is sufficient.”

Page 7 of 11

G = Ty + R

Af LA w = Omax

else

“Need bigger fillet weld.”

“Chosen weld size is sufficient.”

M _M-c




woodJ.

By: MJF

Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA

On: 9/17/2021
On: 12/22/2021

Anchor Bolt Connection Design

HAMFER, TYP 5.315'

Given: Nz §
Number of anchor bolts resisting loads: ng =2  Only one side's bolts o

.t resist tension or shear. & -
Bolts are specified as ASTM F1554 and Grade A36
Bolt diameter: dypi=l—in Plans ) 1
Bolt area: A,:=0.307 in AISC Tbl. 7-18 rowme | | Eaneno)
Bolt nominal yield stress strength: F, poti =36 ksi AISC Tbl. 2-3 //j
Bolt nominal ultimate tensile stress strength: F, poui=58 ksi .

B WALL CAP TYPICAL DETAIL
Bolt embedment: hypi=5 in Plans
Output:
= : Biae—24x
Tension anchor bolt spacing: 5 = Pl 1 ot s,=7in
Nap —

Bolt nominal tensile stress strength: Foyi=0.75F, pop F,,=43.5 ksi AISC Tbl. J3.2
Bolt nominal shear stress strength: F,,:=040-F, F,,=23.2 ksi AISC Tbl. J3.2, assuming

threads within shear plane

- | Z
Ultimate tension load on one anchor bolt: T,y opi=— T, up=1.757 kip
Nap
A Vpost u .
Required shear stress on one bolt: fV::_T f,=0.57 ksi
Ngp = Ap

Bolt modified nominal tensile stress strength,

modified for effects of shear stress: F,/'=43.5 ksi

2
F,,':= min (F,,, il i) 7 L S R g AISC Egn. J3-3a

¢ab .an

Bolt factored tensile resistance: BRy boir = Pa* Fr'* Ap $R,, poir = 10.016 kip AISC Egn. J3-2

Check of bolt tensile stress: Bolt_Tensile_Check = if ¢R, pyu>T, 4

” “Bolt is satisfactory.”

Bolt Tensile Check =“Bolt is satisfactory.”

else

“Bolt is no good.”

Continuing Anchor Bolt Connection Design per ACI 318

Outside diameter of anchor: d,:==dy, d,=0.625 in

Critical edge distance for adhesive anchors: Caci=2 hyy Coe=10in ACI 17.7.6

Steel strength of anchor in tension (ACI 17.4.1)

Steel tension strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in tension (ACI 17.4.2)

Check bolt group action for tension concrete breakout: Group_Tension_Breakout Check = if 5;<3«h, ACI 17.2.1.1
” “Bolts act in group.”

else

Group Tension_Breakout Check = “Bolts act in group.”

“Bolts act singly.”

Theoretical projected influence area

of a single bolt far from an edge:

ANca =9. hefz

Ao =225 in’

ACIl Eqn. 17.4.2.1c

Actual projected influence area for bolt(s): Ay, :=min ((coy+ 1.5+ hyy) » (1.5« hypt-min (57,3 + hog) +min (1.5 + hory €02)) g * Anieg) A =243.485 in’

Concrete tension breakout strength coefficient:
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k=17
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ACI Fig. R17.4.2.1

Value of 17 for post-installed anchors, per ACI 17.4.2.2



By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

] ) I h 15
Basic concrete tension breakout strength for single anchor: Ny:=k,- LO-\/J”—C_ ( _ef) - Ibf N,=12.021 kip  ACI Eqn. 17.4.2.2a
psi in
Factor for eccentrically loaded anchor bolts: ¥, n=10 Anchor bolts are not loaded eccentrically. ACI 17.4.2.4
C
Factor for anchor bolts near an edge: Y, yi=min (1.0 ,074+03.— ¥, v=0913 ACI Eqn. 17.4.2.5b
i 1.5-h, i
Factor for anchor bolts in un-cracked concrete: Y, yi=14 Wall caps are not under load, and per the wall cap design, ACI 17.4.2.6

service moment from post does not cause cracking.

Factor for anchor bolts in un-cracked

i Ze! 1.5h
qongreteneal an .edge without ¥, yi=min|1.0, max i ,—ei ¥, n=0.75 ACI Eqn. 17.4.2.7b
supplementary reinforcement: (2 Cov Cor (2
Nominal concrete tension breakout strength: Netg ™= Paa * et oo v Poa v oy Yoo e Ny ¢N.py=8.102 kip  ACI Eqn. 17.4.2.1b
Nco
Check of concrete tension breakout failure: Concrete_Tension_Breakout_Check := if ¢Npy>nyp,+ T, 4

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Tension_Breakout Check = “Bolt is satisfactory.”

Pullout strength cast-in, post-installed expansion, or undercut anchor in tension (ACI 17.4.3)

Proposed anchors are post-installed adhesive, not headed studs or bolts, expansion anchors, or undercut anchors; so, no check is required.

Concrete side-face blowout strength of headed anchor in tension (ACI 17.4.4)

Proposed anchors are post-installed adhesive, not headed studs or bolts; so, no check is required.

Bond strength of adhesive anchor in tension (ACI 17.4.5)
Minimum bond stress for HY 200 Epoxy per HILTI ESR-3187:

0.1
Tuner_Hy 200°=0.65 + (L) 2220 psi = 1512.441 psi

2500 psi

Per HILTI ESR-3187 Table 14, basic un-cracked bond strength is 2,220 psi; this value is factored by a straight 0.65 for either wet or dry installation
conditions and by a small boost from concrete strength higher than 2,500 psi

Minimum bond stress for HIT-RE 500 Epoxy per HILTI ESR-3814:

0.15
Tyner it RE 500°=0.65* (f—) +2210 psi = 1541.429 psi

2500 psi

Per HILTI ESR-3814 Table 12, basic un-cracked bond strength is 2,210 psi. This value is based on diamond coring and roughening afterwards; it is lower
than being hammer-drilled with carbide bit. The socket must be roughened if coring with a diamond bit; this should be written on the plans. Factors are a
straight 0.65 reduction factor independent of wet or dry concrete conditions during installation and a small boost for using concrete higher than 2,500 psi.
The smaller factor for cracked concrete is used since no supplementary rebar is being provided; this also matches with reduction factor below.

Minimum bond stress strength: Tyner 3= M (Tuer 1517 200 Tuner HIT RE 500) Tuner = 1512.441 psi

Distance to edge of project influence area: Cnai=10+d, - e Cng=1329 in ACI Eqn. 17.4.5.1d
1100 psi

Check if anchor bolts act in group for bond failure: Group_Bond_Failure_Check :=if s, <2 cy, ACI 17.2.1.1

“Bolts act in group.”
else

Group Bond Failure Check = “Bolts act in group.”

“Bolts act singly.”
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By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

Theoretical projected influence area 2 1C]
of a single bolt far from an edge: Ao = (2 Cn) Ango =214.835 in ACI Eqn. 17.4.5.1c

Actual projected influence area for bolt(s): Ay = min ((cyg +min (s;, 2+ cyg) +min (Cyy» €42)) * (Car + Cna) 5 Mty * Ava) Ay, = 238.062 in®
ACI Fig. R17.4.5.1

Basic bond strength of adhesive anchor: Ny = Typep o T o dy e by N, = 14.848 kip ACI Eqn. 17.4.5.2

Concrete is not light weight; so, lambda-a is set to 1.0; per ACI 17.4.5.2, un-cracked bond stress may be used.

Factor for eccentrically loaded anchor bolts: ¥ o i=1.0 Anchor bolts are not loaded eccentrically. ACI 17.4.5.3
€,

Factor for anchor bolts near an edge: P Na 1= min [1.0 ,0.7+03. -4 ) P na=0.918 ACI Eqn. 17.4.5.4b
CNa

Factor for anchor bolts in un-cracked

i €, €
qongrete neal anemge vithout ¥, yo=min| 1.0, max |1 ¥, yo=0.733 ACI Eqn. 17.4.5.5b
supplementary reinforcement: § Cov Coe §

Wall caps are not under load, and per the wall cap design,
service moment from post does not cause cracking.

ot na* Pop na*Npa N, =7.192kip  ACIEqn. 17.4.5.1b

Nominal bond strength of the adhesive anchor(s):  ¢N,, =g+ .

ec_ Na*
Nao

Check of bolt bond stress failure: Bond_Stress_Check :=if ¢Nyo>ny,+ T, 4 Bond_Stress_Check = “Bolt is satisfactory.”
| “Bolt is satisfactory.”
else

“Bolt is no good.”

Steel strength of anchor in shear (17.5.1)

Steel shear strength of anchor is confirmed above; so, no check here is necessary.

Concrete breakout strength of anchor in shear (17.5.2)
Check bolt group action for shear concrete breakout: Group_Shear_Breakout_Check :=if s, <3-¢,, ACI 17.2.1.1

“Bolts act in group.”

else

“Bolts act singly.”

Group Shear Breakout Check = “Bolts act in group.”

Theoretical projected influence area

of a single bolt far from an edge: Ayeyi=45-cy” Aye,=127.122 in’ AClEqn. 17.5.2.1c

Actual projected influence area for bolt(s): 4y, :=min (1.5 ¢+ (1.5« oy +min (s;,3 + cyp) +min (15 oy, 0)) > Mgy * Apey) Ay =155.245 in’
ACI Fig. R17.5.2.1b

Load bearing length: Li=hy I,=5in ACI 17.5.2.2

Basic concrete breakout strength in shear for single anchor:

1 \02 7 ohis P R
V), :=min [[7 [i) \/—a) «1.0. S . [ i ) ,9:.1.0 S . ‘al «Ibf  V,=6.5 kip Concrete is not light weight; ACI Eqgns. 17.5.2.2a

I8 in psi in psi in so, lambda-a is set to 1.0. & 17.5.2.2b
Factor for eccentrically loaded anchor bolts: Z, y=10 Anchor bolts are not loaded eccentrically. ACI 17.5.2.5
Factor for anchor bolts near an edge: ¥,y yi=min [1.0 ,0.7+0.3 L) ¥, »=0.869 ACI Eqns. 17.5.2.6a
T 1.5-c, T & 17.5.2.6b
Factor for anchor bolts in un-cracked concrete: ?. =14 Wall caps are not under load, and per the wall cap design, ACI 17.5.2.7

service moment from post does not cause cracking.

c:\users\michael.fraker\documents\pw_wsdot\dms26075\Pipe Rail Safety Fence Design Check - Cap Step Post.mcdx Page 10 of 11



By: MJF On: 9/17/2021

WOOd. Pipe Rail Safety Fence Design Check - Cap Step Post Chk: RFA  On: 12/22/2021

1.5.¢
Factor for small embedment ¥, yi=min [1.0 ,ﬂh—‘”] ?, =1 ACI Eqn. 17.5.2.8
ef

: A
Nominal concrete shear breakout strength: DV ehg = Baan* £, e v Yea v Ve e Uy Vs PV epg = 6.28 kip ACI Eqn. 17.5.2.1b
Veo

Check of concrete shear breakout failure: Concrete_Shear_Breakout_Check:=if ¢V > V,ps

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Breakout Check = “Bolt is satisfactory.”

Concrete pryout strength of anchor in shear (17.5.3)

Basic concrete pryout strength of a single anchor in shear:  ¢N,,, := min (§N,, , $N.) PN,y =7.192 kip ACI 17.5.3.1
Concrete pryout strength in shear coefficient: kepi=if hy<2.5in kep =2 ACI 17.5.3.1
It
else
H 2.0
Nominal concrete pryout strength of anchor(s) in shear: BV pg = kep * BN e PV g = 14.384 kip ACI Eqn. 17.5.3.1b
Check of concrete pryout strength in shear: Concrete_Shear_Pryout _Check:=if ¢V 0>V,

“Bolt is satisfactory.”

else

“Bolt is no good.”

Concrete_Shear Pryout Check = “Bolt is satisfactory.”
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